Caution 



Do not exceed the operati ng i nput power I evel, voltage 
level, current level, and signal typethat is appropriate 
for the instrument being used. Refer to your 
instrument's operation manual for safe operating 
practices and device limitations. 



Electrostatic Discharge (ESD) can damage the highly 
sensitivecircuits in the instrument. ESD is most likely 
to occur as test devices are being connected to, or 
disconnected from, the instrument's front and rear 
panel ports and connectors. You can protect the 
instrument and test devices by wearing a 
static-discharge wristband. Alternatively, you can 
ground yourself to discharge any static charge by 
touching the outer chassis of the grounded instrument 
before touching the instrument's front and rear panel 
ports and connectors. Avoid touching the test port 
center conductors unless you are properly grounded 
and haveel i mi nated the possi bi I i ty of stati c di scharge. 

Repair of damage that is found to be caused by 
electrostatic discharge is not covered under warranty. 
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Chapter 1 

General Information 


1~1 SCOPE OF THIS The purpose of this Measurement Guide is to introduce the basic operation of 

MANUAL the Scorpion® M S462XX Vector Network M easurement System and help 

lessen the time required to become proficient at performing basic measure¬ 
ments. The procedures in this manual assume a working knowledge of, and a 
familiarity with, vector network analyzers. Refer to the other manuals sup¬ 
plied with the M S462XX for more detailed explanations and procedures. 


1~2 INTRODUCTION This chapter provides information to familiarize the user with the basic 

MS462XX Vector Network Measurement System. I ncluded is information 
about related manuals, and the aval I able models and options. 


1~3 RELATED This manual is oneof a six manual set consisting of this Measurement Guide, 

MANUALS the MS462XX Application Guide(Anritsu part number 10410-00214), the 

MS462XX Operation Manual (Anritsu part number 10410-00203), the 
MS462XX Programming Manual (10410-00204), the MS462XX Maintenance 
Manual (10410-00205), and the MS462XX GPIB Quick Reference Guide 
(10410-00206). 


1"4 MS462XX MODELS With four basic models and a number of powerful options to choose from, the 

MS462XX can be configured to address many measurement requirements. 
The following models are available as platforms. 



10 MHz to 3 GHz 

10 MHz to 6 GHz 

10 MHz to 9 GHz 

2-Port T/R^ 

MS4622A 

l\/IS4623A 

MS4624A 

2-Port 

MS4622B 

MS4623B 

l\/IS4624B 

3-Port 

MS4622B -r MS4600/3A 

MS4623B -r MS4600/3A 

MS4624B -r l\/IS4600/3A 

3-Port T/R^ 

MS4622B -r MS4600/6 

MS4623B -r MS4600/6 

MS4624B -r MS4600/6 

4-Port 

MS4622D 

l\/IS4623D 

MS4624D 

2-Port DRA^ 

MS4622C 

MS4623C 

l\/IS4624C 

3-Port DRA^ 

MS4622C -r MS4600/3C 

MS4623C -r MS4600/3C 

MS4624C -H IVIS4600/3C 


1. T/R is an economical Transmission/Reflection (or 1-path, two-port) configuration that measures Sii and S 21 parameters. 

2. 3-Port T/R measures 2-port S-parameters plus two-path, three-port measurements. 

3. DRA is the Direct Receiver Access configuration for use in developing custom solutions. 
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MS462XX OPTIONS 


GENERAL INFORMATION 


1~5 MS462XX The following options are easily added to the MS462XX platformfor in- 

OPTIONS creased measurement capabilities. 


Option Number 

Description 

Availability 

2 

Time Domain 

Aii Models 

3A 

Second internai Source 

3 GHz Source - 22B Models Only 

3B 

Second internai Source 

6 GHz Source - 23B Models Only 

3C 

Second internai Source 

3 GHz Source - 22C Models Only 

3D 

Second internai Source 

6 GHz Source - 23C Models Only 

3E 

Second internai Source 

9 GHz Source - 24B Models Only 

3F 

Second internai Source 

9 GHz Source - 24C Models Only 

4 

50 MHz to 3 GHz Noise Figure 

22B, 23B, and 24B Models Only 

4B 

50 MHz to 6 GHz Noise Figure 

23B and 24B Models Only 

4D 

50 MHz to 3 GHz Noise Figure 

22C, 23C, and 24C Models Only 

4E 

50 MHz to 6 GHz Noise Figure 

23C and 24C Models Only 

4F 

50 MHz to 3 GHz Noise Figure 

22D, 23D, and 24D Models Only 

4G 

50 MHz to 6 GHz Noise Figure 

23D and 24D Models Only 

5 

Frequency Transiated Group Deiay 

MS4600B/C Series Only 

6 

Third Test Port 

B and C Models Only 

7 

T/R Step Attenuator 

A Models Only 

8 

Harmonic Measurement 

All Models 

10 

AutoCai Controi 

All Models/Standard 

11 

Test Port Connector 

All Models ^ 

13 

Intermoduiation Distortion 

All Models 

24 

Processing Upgrade 

B and C Models 


NOTES 

^ Standard Test Port Connector is N-female. 

Option IINM replaces N-female with N-male. 
Option IIS replaces N-female with 3.5 mm male. 
Option IISF replaces N-female with 3.5 mm female. 
Option llA replaces N-female with GPC-7 male. 
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UPGRADEABILITY 


GENERAL INFORMATION 


1~6 UPGRADEABILITY The following photo illustrates the manufacturing approach tothe MS462XX 

system. The front panel and other modular subassemblies are easy to install, 
and replace when necessary. Options are added in the same manner. This ap¬ 
proach ensures fast and reliable repairs and upgrades. 



Figure 1-1. MS462XX Assanbly 


There is an MS462XX available to satisfy today's requirements with an up¬ 
grade path to support tomorrow's requirements. 
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CONFIGURATION 


GENERAL INFORMATION 


1-7 CONFIGURATION 


NOTE 

This information can be 
found on the rear panel 
of the instrument or by 
making the following 
front panel selection: 
Utility/Instrument State 
Parameters/System. 


Record your MS462XX Vector Network Measurement System serial number, 
model number, and option configuration here for future reference. 

System Serial Number: 

Firmware Version: 


Model Number: 




MS4622A 

□ 

MS4624A 

□ 

MS4622B 

□ 

MS4624B 

□ 

MS4622C 

□ 

MS4624C 

□ 

MS4622D 

□ 

MS4624D 

□ 

MS4623A 

□ 



MS4623B 

□ 



MS4623C 

□ 



MS4623D 

□ 



Option Number: 




1 

□ 

5 

□ 

1A 

□ 

6 

□ 

2 

□ 

7 

□ 

3A 

□ 

8 

□ 

3B 

□ 

11NM 

□ 

3C 

□ 

11S 

□ 

3D 

□ 

11SF 

□ 

3E 

□ 

11A 

□ 

4 

□ 

13 

□ 

4B 

□ 

24 

□ 

4D 

□ 

98 

□ 

4E 

□ 

99 

□ 

4F 

□ 


□ 

4G 

□ 


□ 

NC346A 

□ 


□ 

NC346B 

□ 


□ 
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Chapter 2 
System Overview 


2“1 INTRODUCTION The MS462XX provides an intuitive user interface based on measurement ap¬ 
plications. The display area contains both data and menu selection informa¬ 
tion. The menu selection information is accessed with the eight soft keys 
adjacent to the display. The remaining front panel keys provide selection of 
the general system controls and settings. A menu tree overview (Section 2-8) 
provides a brief description of the selections associated with the major front 
panel keys. 


2~2 CONVENTIONS Throughout this Measurement Guide, path names may be used to represent 

the keystrokes for a desired action or procedure. The path name begins with a 
front panel key selection, followed by additional front panel or softkey selec¬ 
tions, each separated by a forward slash (/). Front panel key names and soft 
keys are presented in the manual as they are on the system, that is, in initial 
caps or all uppercase letters as appropriate. For example, the following path 
name representation displays the system model number, serial number, cur¬ 
rent software version, and installed options: 

Utility/INSTRUMENT STATE PARAMETERS/SYSTEM 

Following the path above, the user would press the Utility front panel key, fol¬ 
lowed by the INSTRUMENT STATE PARAMETERS softkey, then the SYSTEM 
softkey to display the system information. 

I ndividual steps within a procedure may also be presented as sequentially 
numbered steps for clarity. Again, front panel key names and soft keys are 
presented in the manual as they are on the system. For example, the follow¬ 
ing procedure displays the system model number, serial number, current soft¬ 
ware version, and installed options: 

1. Press the Utility front panel key. 

2. Select the menu soft keys as follows: 

INSTRUMENT STATE PARAMETERS 
SYSTEM 

I n some procedures, an optional or alternative step may be included and will 
be identified by the word optional in parenthesis, as below: 

1. (optional) Perform a calibration for flatness using a power meter. 
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FRONT PANEL OVERVIEW 


SYSTEM OVERVIEW 


2~3 FRONT PANEL The MS462XX front panel is organized into three main areas: the display, the 
OVERVIEW user i nterface, and the test port connector areas. The M S462XX front panel 

view is shown below for reference. 



Whilethetest port connector area is straightforward, the following sections 
provide more details about the display and user interface areas. 
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SYSTEM OVERVIEW 


DISPLAY AREA 


2"4 DISPLAY AREA The display can be partitioned into data and menu display areas, separated 

by a vertical line. The menu display area provides the user interface for the 
MS462XX and is the focus of this Measurement Guide. The menu display 
area can be removed by pressing the CIr key in the Data Entry area on the 
front panel. 

The MS462XX organizes measurement capabilities into applications accessi¬ 
ble from the applications key (AppI) on the front panel of the system. The fol¬ 
lowing illustration is a typical display foil owing the select! on of the AppI key. 



S12 TRANS 
^0.000 dB 


LOCn+P T/R 

10.000 dB/DIU 


10.000 000 


NHZ 6 000.000 000 



► 0 . 00 '' 


^5.00''/DIU 


S21 TRANS 
►0.000 dB 


LOGIT+P T/R 

10.000 dB/DIU 




► 0.00 


^15.00 /DIU 



flPPLICflTIONS 


►MEASUREMENT TVPE 
TRANSMISSION AND 
REFLECTION 


DEUICE TVPE 
STANDARD 


MIXER 

ENTRY STATE 
CURRENT/PREUI0U3 


Figure2-2. MS462XX Typical Display 
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SYSTEM OVERVIEW 


FRONT PANEL KEYS 


2~5 FRONT PANEL The MS462XX user interface area (Figure 2-3) consists of eight soft keys, next 

KEYS to the display, and six groups of labeled keys. The labeled key groups are Data 

Entry, Channels, Enhancement, Stimulus, System, and a group consisting of 
the Application, Measurement, Display, Marker, and Hold keys. Refer to the 
following front panel view. 


J 


n 

( 

)i 

( 

)) 

( 

)) 

( 

)) 

( 

)i 

( 

)) 

( 

1 




Data Entry 






^ Frog j Sweep ^ 

^ Power j Config ^ 


_ System _ 

[3 [3 

[ ] [ Rrall ] 


Figure2-3. MS462XX Front Pane! K^s 
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SYSTEM OVERVIEW 


LABELED KEYS 


2~6 LABELED KEYS The labeled keys provide access to the general system interface. These keys 

areorganized into Data Entry, Channels, Enhancement, Stimulus, and Sys¬ 
tem selections. Selection of the keys in this area typically provides choices in 
the menu display area. Figure 2-4 shows an example of these user interface 
keys. 


Data Entry 

[ 7 ] ( 8 ] [ 9 ] [ G/ns/m ] 

[ 4 j [ 5 J [ 6 J [M/^s/cmJ 

[~i ] [ 2 ] [ 3 ] Ck/ms/mm ] 

Cn GD GD ( " ■] 

Enter 

■_C!i_ ■ 

Local 

Q 





GiD [ 


Sweep 


Power ^ Config ^ 


System 

[ ] [ nrcall ] 


Figure2-4. MS462XX Labeled K^s 


The Data Entry keys are used to enter or clear numerical data for the active 
parameter. 

The Channel keys, in conjunction with theMeasand Display keys, control 
the display of the measurement results. The currently active channel is indi¬ 
cated by the channel key LED in the upper left-hand corner of the key. 

The Enhancement keys are used for sequencing menus, performing mea¬ 
surement calibrations, controlling the Average, Smoothing, and IF Bandwidth 
functions, and accessing system utilities. 

The Stimulus keys provide frequency-sweep control, RF power control, and 
control over measurement configuration. 

The System keys control printing, system reset to defaults, and saving and 
recalling stored system setups. 
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LABELED KEYS 

SYSTEM OVERVIEW 


The Application key displays a series of menus that provide functions for 
measurement applications. 

The Measurement key displays a series of menus used to select 
S-parameters. 

The Display key displays a series of menus used to choose graph types, set 
scales, set the reference plane, storetrace memory and manipulate limit 
lines. 

The Marker key displays a series of menus used to set and manipulate 
marker frequency, power, time, and distance. 

The Hold key toggles the system in and out of the hold mode, or triggers a 
sweep. 


2-6 


MSieiXXMG 






SYSTEM OVERVIEW 


SOFTKEYS 


2"7 SOFT KEYS The eight soft keys are used to make selections from the menu display area, 

just to the left of the keys. The reaction of the system to the selection of these 
soft keys depends on the choices in the menu display area. Figure 2-5 shows 
an example of this user interface. 


APPLICATIONS 


► MEASUREMENT TYPE 
TRANSMISSION AND 
REFLECTION 


DEVICE TYPE 
STANDARD 


MIXER 


ENTRY STATE 
CURRENT/PREVIOUS 



Figure2-5. Softk^ Example 


Pressing a softkey executes the menu selection adjacent to that softkey. I n 
some cases, the execution involves displaying another menu with further 
selections. 
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SYSTEM OVERVIEW 


MENU TREE 


2-8 MENU TREE 


The following diagram depicts the selections behind the major front panel 
keys. 


APPLICATIONS: 

Measurement Type 

Transmission and Reflection 
Domain 
SPGC 
SFGC 

Noise Figure 

Harmonic (non-mixer only) 

IMD 

FTGD 

Device Type 
Standard 
Mixer 
Entry State 
Current/Previous 
Change Application Setup 


MEASURE; 

User Defined 
Select S-Parameter 
Ext. Analog In 
More 


DISPLAY; 
Display Mode 
Graph Type 
Scale 
Limits 

Trace Memory 
Data Drawing 
Reference Plane 
Auto Scale 


MARKERS; 

Readout Markers 
Marker Readout Functions 
Display Markers ON/OFF 
A REF Mode ON/OFF 
Screen Display ON/OFF 
Marker Mode 
Continuous 
Discrete 



SEQUENCE; 

CALIBRATION: 

Execute Sequence 

Apply Cal 

Edit Sequence 

Perform Cal 

Gosub Sequence 

2-Port Auto Cal 

Control Statement 

Adapter Removal 

Done Sequence Edit 

Component Utilities 

TTL I/O 


Utility 


Editing Functions 


AVERAGE: 

UTILITY: 

Average On/Off 

Instrument State Parameters 

Data Average 

Remote Interface 

Trace Smoothing On/Off 

Rear Panel 

Smoothing 

Color Setup 

Noise Figure Average 

Clock Setup 

On/Off 

Diagnostics 

Noise Figure Average 

General Disk Utilities 

Select I.F. Bandwidth 

Auto Cal Characterization 


AppI j 


^ Meas ^ 


^ Display ^ 


^ Marker ^ 


^ Hold j 




I Freq j Sweep j 
^ Power ^ ^ Cor 



HARD COPY; 

Output Device 
Output Setup 
Output Headers Setup 
Output Options 
Page Orientation 
Stop Print 


FREQUENCY: 

SWEEP: 

Start 

Alternate Sweep 

Stop 

Sweep Type 

Set Center/Span 

Tune Mode 

C.W. Mode 

Tune Mode Count 

Marker Sweep 

Sweep Time ON/OFF 

Discrete Fill 

Sweep Time Mode 

Triggers 

Measurement Enhancement 
Segmented Sweep 

POWER: 


Source 1 Setup 
Source 2 Setup 
Source 3 Setup 
Source 4 Setup 
Receiver Cal 

CONFIGURATION: 

Source 

Multiple Source 

Data Points 

Hold 

Blank Frequency Info 

Simultaneous Internal Sources 
Arbitrary Impedance 

NTWK Embedding/De-embedding 
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SYSTEM OVERVIEW 


FOUR-CHANNEL DISPLAY 


2~9 FOUR-CHANNEL The flexible four channel display of the MS462XX can beusedbyall applica- 
DISPLAY tions to display the measurement results. This section explains how to take 

advantage of the four-channel display capability. 

The four channel display is controlled by the selection of the Ch 1, Ch 2, Ch 3, 
or Ch 4 keys in the Channels area of the front panel. There is an LED in the 
upper left-hand corner of each of the four channel keys to easily identify the 
currently active channel. 

The four Channel keys, in concert with the Meas and Display keys, provide the 
mechanism for controlling the display of the measurement results. 

The Meas key allows the selection of the desired S-parameter. The 
S-parameters aval I able for selection are: 


USER DEFINED 

S32 

S10 

SD1D2 

SD2ei 

S21 

S33 

SD1 

SD2D1 

SD2e2 

S11 

S14 

SDD 

SD2D2 

seiDi 

S12 

S24 

S1C 

seiei 

Se2D2 

S22 

S41 

set 

seie 2 

Se2D1 

EXT ANALOG IN 

S42 

see 

se2ei 

Se2D2 

S13 

S34 

SDe 

se2e2 


S23 

S43 

seD 

SDiei 



The Display key allows the configuration 
selections are available: 

• DISPLAY MODE 

• GRAPH TYPE 

• SCALE 

• LIMITS 


of the display. The following Display 

• TRACE MEMORY 

• DATA DRAWING 

• REFERENCE PLANE 

• AUTO SCALE 


NOTE 

Overlay Dual Channels 
display mode requires 
Channels 1 & 3 (or Chan¬ 
nels 2 & 4) be set for the 
same Graph Type. 


The SCALE andAUTOSCALE selections configure the scales for the active 
channel. The most commonly used Display key selections are Dl SPLAY 
MODE, GRAPH TYPE, SCALE, and AUTO SCALE. 

The DISPLAY MODE selection configures the presentation of the four chan¬ 
nel results on the display. The display modes available for selection are: 


• SINGLE CHANNEL 

• DUAL CHANNELS 1 & 3 

• DUAL CHANNELS 2 & 4 

• SELECT DISPLAY GROUP 


• OVERLAY DUAL CHANNELS 1 & 3 

• OVERLAY DUAL CHANNELS 2 & 4 

• FOUR CHANNELS 

• OVERLAY ALL FOUR CHANNELS 
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FOUR-CHANNEL DISPLAY 


SYSTEM OVERVIEW 


The GRAPH TYPE selection configures the graph type for the active channel. 
The graph types availablefor selection are: 


• LOG MAGNITUDE 

• LINEAR MAGNITUDE 

• PHASE 

• REAL 

• IMAGINARY 

• LOG POLAR 

• LINEAR POLAR 

• SMITH CHART 
(IMPEDANCE) 


• SMITH CHART (ADMITTANCE) 

• GROUP DELAY 

• POWER OUT 

• SWR 

• LOG MAGNITUDE AND PHASE 

• LINEAR MAGNITUDE AND PHASE 

• REAL AND IMAGINARY 


Following is a typical procedure for configuring measurement results using 
the four-channel display capability. 

1. Select the Dl SPLAY MODE for the measurement: 

Display/DISPLAY MODE 

If using Dual Channels, remember that the GRAPH TYPE must bethesame 
for both channels. 


2. Specify the Active Channel by selecting the Ch 1, Ch 2, Ch 3, or Ch 4 key. 

3. Specify the S-parameter for Display: 


NOTE 

When using Dual Chan¬ 
nels and Overlay Dual 
Channels for channels 1 
& 3, the same dual chan¬ 
nel display is configured 
for channels 2 & 4. Tog¬ 
gle between the two dual 
channel displays by se¬ 
lecting channel 1 (or 
channel 3) and then 
channel 2 (or channel 4). 


Meas 

4. Specify the Graph Type for the active channel: 

Display/GRAPH TYPE 

5. Adjust the Scale for the active channel: 

Display/SCALE (or Display/AUTOSCALE) 

6. As required, repeat steps 2 through 5 for the remaining measurement 
channels. 

This procedure for configuring the display is demonstrated throughout the 
following measurement procedures. 


2-10 


MS462XXMG 









Chapter 3 
Calibration 


3~1 INTRODUCTION TheMS462XX provides flexible calibration capabilities accessible from the 

calibration key (Cal) on the front panel of the system. This organization 
allows for straightforward and intuitive calibrations that provide the 
foundation for performing accurate S-parameter measurements by removing 
system errors proceeding the actual measurements. 

This chapter presents the primary calibration techniques availablefor the 
MS462XX.Typically, an application ischosen first (seeChapter 4, 
Applications) before performing a calibration. Following a calibration, the 
M S462XX is ready to perform accurate measurements. The front panel Cal 
key contains an LED that illuminates when a calibration is applied. 

This chapter contains discussions, examples, and procedures related tothe 
following calibrations: 

□ Calibration Coefficients 

□ OSLT Calibration 

□ AutoCal Two-Port Calibration 

□ AutoCal Four-Port Calibration 

□ Three-Port Calibration 

□ Two-Path, Three-Port Calibration 

□ Four-Port Calibration 

□ Discrete Fill Calibration 

□ Segmented Sweep Calibration 

□ Adapter Removal 

□ Flexible Calibration 

□ Accuracy Enhancement 

Each calibration discussion shows a typical calibration procedure. Once a typ¬ 
ical calibration is mastered, explore the different calibration options to be¬ 
come familiar with each calibration's powerful capability. 
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CALIBRATION 


CALIBRATION COEFFICIENTS 


3-2 CALIBRATION 

COEFFICIENTS 

Standard Feature 


Every calibration kit contains calibration coefficients that help ensurethe 
most accurate calibration. These coefficients must be loaded into the 
MS462XX before proceeding with a calibration. If these coefficients are not 
loaded, the MS462XX uses the default values contained in memory. 


NOTE 

Once loaded, the cali¬ 
bration coefficients re¬ 
side in memory untii a 
Default-0 keyboard se¬ 
quence is performed. 


The following procedure loads and displays the calibration coefficients from a 
floppy disk into the MS462XX memory. 

1. PI ace the calibration coefficients diskette into the floppy drive of the 
MS462XX. 

2. Press the Cal front panel key. 

3. Sel ect t he men u soft keys as fol I ows: 

MORE 

COMPONENT UTILITIES 

INSTALL KIT INFO FROM FLOPPY DISK 

4. The MS462XX will install the calibration coefficients into memory. 


5. Select: DISPLAY COAXIAL INFORMATION 


6. Select either the male or female connector type of the calibration kit to 
view the corresponding calibration coefficients. 


This completes the procedurefor loading and displaying the calibration coeffi¬ 
cients using the MS462XX. 
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CALIBRATION 


OSLT CALIBRATION 


3-3 OSLT 

CALIBRATION 

Standard Feature 


Calibration using the standard OSLT technique includes the measurement of 
an Open, a Short, a broadband Load, and a Throughline connection. These 
standards allow removal of system errors from the measurements that follow. 
This procedure calibrates the MS462XX using the OSLT technique. 


NOTE 

Pressing CIr in the Data 
Entry area of the Front 
Panel aborts the calibra¬ 
tion process. 


NOTE 

Include Isolation when 
there is poor isolation 
(< 100 dB) in the test 
setup. 


1. Press the Cal front panel key. 

2. Select the menu soft keys as follows: 

PERFORM CAL/MANUAL CAL/2 PORT 

CHANGE CAL METHOD AND LINE TYPE 

STANDARD 

NEXT CAL STEP 

NEXT CAL STEP 

FULL 12-TERM 

EXCLUDE ISOLATION 

NORMAL 

3. Specify the Start F requency: 

START = 10 MHz 

4. Specify the Stop Frequency: 

STOP = 6000 MHz 

5. Specify the Data Points: 

DATA POINTS = 401 MAX PTS 
NEXT CAL STEP 

6. Specify the Port 1 Connector: 


PORT 1 CONN = TYPE N (F) 
7. Specify the Port 2 Connector: 


PORT 2 CONN = TYPE N (M) 

8. Specify the Test Signal Power Levels: 


TEST SIGNALS 
SOURCE 1 POWER = +7 dB 
RESUME CAL 
START CAL 

9. Follow the directions for connecting calibration devices. 
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CALIBRATION 


10. Press the Save/Recall front panel key, and the foil owing soft keys: 

SAVE 

FRONT PANEL SETUP AND CAL DATA ON HARD DISK 
CREATE NEW FILE 

11. Specify a name using the front panel knob. When complete, select DONE. 

This completes the procedure for calibrating the MS462XX using the OSLT 
technique. 
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3-4 AUTOCAL 

TWO-PORT 

CALIBRATION 

Standard Feature 


TheAutoCal module (36581XXF/1) is an automatic calibrator that provides 
fast, repeatable, and accurate coaxial two-port calibrations. The MS462XX 
AutoCal feature internally controls the AutoCal module to perform an OSLT 
calibration, thereby eliminating the requirement for an external computer 
and increasing the speed of the calibration. 



Figure3-1. MS462XX with Two-Port AutoCal Module 

This section contains the following procedures for calibrating, characterizing, 
and assuring the two-port AutoCal module. 

□ AutoCal Characterization Files 

□ AutoCal Calibration 

□ AutoCal Characterization 

□ AutoCal Assurance 

These powerful features support fast, repeatable, and accurate coaxial 
two-port calibrations. 
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CALIBRATION 


AutoCal TheAutoCal Characterization Fiies contain the characterization data for the 

Characterization AutoCai moduie. The characterization data can be generated at either the 

Files factory or as a resuit of an AutoCai Characterization using the MS462XX. 

Thefoiiowing procedures show how to use the characterization fiies most 
effect iveiy. 

U si ng Characteri zation F i i es from the factory-suppi ied fi oppy di skette 

1. i nsert the factory disk intothefioppy drive on the MS462XX. 

2. Copy the characterization fiie tothe hard drive of the MS462XX. 

Save/Recaii/GENERAL DiSK UTiLiTiES/FLOPPY DiSK UTiL- 
iTiES/COPY FiLES TO HARD DiSK 

ALL TYPES (*.*) 

3. TheMS462XX retrieves thefiies from the disk and dispiays thefiies to 
copy. 

4. Seiect the softkey beside the fiie with the*.ACD format. 

5. The MS462XX copies the characterization fiie to the hard drive. 

Loading Characterization Fiies before performing an AutoCai caiibration: 

1. Load thecharacterization fiiefor the desired AutoCai moduie. 

Save/Recaii/RECALL/AUTO CAL CHARACTERiZATiON ON HARD DiSK 

2. Seiect the softkey beside the fiie with the*.ACD format that corresponds 
to the desired AutoCai moduie. The MS462XX reads the characterization 
fiiefor the desired AutoCai moduie. 

Dispi ay AutoCai Characterization information: 

The AutoCai Characterization i nformation consists of Data Points, Switch 
Type, Seriai Number, Start and Stop Frequency.This information provides 
important information regarding the caiibration used to characterize the 
AutoCai moduie. 

Once the characterization fiie is ioaded, seiect the menu soft keys asfoiiows: 

Cai/MORE/COMPONENT UTiLiTiES/DiSPLAY AUTOCAL CHARACTER¬ 
iZATiON iNFORMATiON 

TheMS462XX dispiays the AutoCai Characterization information. 

This compietesthe procedure for working with the AutoCai Characterization 
Fiies using the MS462XX. 
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AUTOCAL TWO-PORT CALIBRATION 


AutoCal Two-Port TheAutoCal Module (36581XXF/1) isan automatic calibrator that provides 
Calibration fast, repeatable, and accurate coaxial two-port calibrations. The MS462XX 
AutoCal feature internally controls the AutoCal module to perform an OSLT 
calibration, thereby eliminating the requirement for an external computer 
and increasing the speed of the calibration. 


NOTE 

The AutoCal module 
must be characterized 
with the MS462XX be¬ 
fore attempting an 
AutoCal calibration (see 
Section 7-3, page 7-4). 


To calibrate the MS462XX using the AutoCal technique: 

3. Specify the Start F requency: 

Freq/START = 40 MHz 

4. Specify the Stop Frequency: 

STOP = 6000 MHz 

5. Specify Data Points: 

Config/DATA POINTS = 401 MAX PTS 

6. Specify Test Signal Power Levels: 


Power/SOURCE 1 SETUP/SOURCE 1 POWER = 7 dBm 

7. Recall a stored characterization for the AutoCal module: 


Save/Recall/RECALL/AUTOCAL CHARACTERIZATION ON HARD DISK 

8. Select the AutoCal characterization file to read. 

9. Begin the AutoCal calibration: 

Cal/PERFORM CAL/AUTOCAL/SELECT BOX TYPE: 2 PORT 

SELECT CAL TYPE/FULL 2 PORT 

RETURN 

10. As required, change the calibration setup (Steps 11 through 13): 


CHANGE SETUP 

11. Specify Port Configuration: 

PORT CONFIG. 

SELECT PORTS: 

(L=1 ,R=2 or R=1 ,L=2 where L is for Left and R is for Right on the AutoCal 
Module) 

RETURN 

12. Specify Thru Type: 


THRU ASSIGNMENT: AUTOCAL 
RETURN 
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CALIBRATION 


NOTE 

Include Isolation when 
there is poor isolation 
(< 100 dB) in the test 
setup. 


13. Specify Averaging Values: 

AVERAGING 
REFLECTION = 4 
LOAD = 4 
THRU = 4 
ISOLATION = 32 
INCLUDE ISOLATION = NO 
RETURN 

14. Start the AutoCal two-port calibration. 


START CAL 
MEASURE DEVICES 

15. Following the MEASURE DEVICE(S) selection, the MS462XX proceeds 
with the calibration using the characterized AutoCal Module. 


16. Save the setup and cal data: 

Save/Recall/SAVE/FRONT PANEL SETUP AND CAL DATA ON HARD 
DISK/CREATE NEW FILE 

17. Specify a name using the front panel knob. When complete, select DONE. 


This completes the procedure for calibrating the MS462XX using the AutoCal 
technique. 
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AUTOCAL TWO-PORT CALIBRATION 


AutoCal Two-Port The AutoCal M cxJuIe should be re-characterized every six months. The 
Characterization MS462XX streamlines the characterization process by providing internal con¬ 
trol of this process. This process requires a 12-term calibration in place before 
characterization can proceed. The following procedure characterizes the 
AutoCal module using the MS462XX. 

1. Perform an OSLT two-port calibration (Section 3-3) in the desired fre¬ 
quency range with maximum data points and maximum source power. 

2. Press the front panel keys and menu soft keys as follows: 

Utility/AUTOCAL CHARACTERIZATION 

3. Select the box type: 

SELECT BOX TYPE - 2 PORT 

4. Specify Port Configuration: 

SELECT PORTS: (L=1 ,R=2 or R=1 ,L=2 where L is for Left and R is for 
Right on the AutoCal Module) 

5. Specify the Averaging Values: 

AVERAGING 
REFLECTION = 4 
LOAD = 4 
THRU = 4 
RETURN 
CONTINUE 

6. Following the CONTINUE selection, the MS462XX proceeds to character¬ 
ize the AutoCal Module using the previously performed OSLT calibration. 
This characterization process can be time-consuming, depending upon the 
averaging selections. 

7. Save the characterized AutoCal data for later retrieval: 

Save/Recall/SAVE/AUTOCAL CHARACTERIZATION ON HARD 
DISK/CREATE NEW FILE 

8. Specify a name using the front panel knob, and select DONE. 

This completes the procedure for characterizing the AutoCal module using 
theMS462XX. 
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CALIBRATION 


AutoCal Two-Port The AutoCal Module contains a reference standard that is characterized dur- 
Assurance ing the characterization process. This reference standard is separate from the 

elements used for the OS LT calibration and can be accessed toevaluatethe 

quality of an AutoCal Calibration. 

1. Following an AutoCal Calibration, leave the AutoCal Module connected 
and select the menu soft keys as follows: 

Utility/DIAGNOSTICS/AUTOCAL ASSURANCE 

SELECT BOX TYPE - 2 PORT 

PERFORM ASSURANCE 

2. (Optional) View and/or adjust the Assurance Limits for Directivity, Source 
Match, Reflection Tracking, Load Match, and Transmission Tracking. 

ASSURANCE LIMITS SETUP 

RETURN 

3. Performthe AutoCal Assurance 

MEASURE DEVICE(S) 

4. The MS462XX performs the AutoCal Assurance. If AutoCal Assurance 
passes the Assurance Limits, a pass indication is provided. If not, a fail 
indication is provided. I n the case of a fail indication, a brief summary of 
failure for the first five frequencies is available in the MS462XX service 
log. 

5. Access the service log with the following menu soft keys. 

CONTINUE 

Utility/DIAGNOSTICS/SERVICE LOG 

This completes the procedure for performing an AutoCal Assurance using the 

MS462XX. 
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3-5 AUTOCAL 

FOUR-PORT 

CALIBRATION 

Standard Feature 


TheAutoCal module (36584XF) is an automatic calibrator that provides fast, 
repeatable, and accurate coaxial calibrations for two, three, and four-port 
measurements. The MS462XX AutoCal feature internally controls the 
AutoCal module to perform an OSLT calibration, thereby eliminating the re¬ 
quirement for an external computer and increasing the speed of the calibra¬ 
tion. 





Figure3-2. MS462XX with Four-Port AutoCal Module 

This section contains the following procedures for calibrating, characterizing, 
and assuring the four-port AutoCal module. 

□ AutoCal Characterization Files 

□ AutoCal Calibration 

□ AutoCal Characterization 

□ AutoCal Assurance 

These powerful features support fast, repeatable, and accurate coaxial 
two-port calibrations. 
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CALIBRATION 


AutoCal TheAutoCal Characterization Fiies contain the characterization data for the 

Characterization AutoCai moduie. The characterization data can be generated at either the 

Files factory or as a resuit of an AutoCai Characterization using the MS462XX. 

Thefoiiowing procedures show how to use the characterization fiies most 
effect iveiy. 

U si ng Characteri zation F i i es from the factory-suppi ied fi oppy di skette 

1. i nsert the factory disk intothefioppy drive on the MS462XX. 

2. Copy the characterization fiie tothe hard drive of the MS462XX. 

Save/Recaii/GENERAL DiSK UTiLiTiES/FLOPPY DiSK UTiL- 
iTiES/COPY FiLES TO HARD DiSK 

ALL TYPES (*.*) 

3. TheMS462XX retrieves thefiies from the disk and dispiays thefiies to 
copy. 

4. Seiect the softkey beside the fiie with the*.ACD format. 

5. The MS462XX copies the characterization fiie to the hard drive. 

Loading Characterization Fiies before performing an AutoCai caiibration: 

1. Load thecharacterization fiiefor the desired AutoCai moduie. 

Save/Recaii/RECALL/AUTO CAL CHARACTERiZATiON ON HARD DiSK 

2. Seiect the softkey beside the fiie with the*.ACD format that corresponds 
to the desired AutoCai moduie. The MS462XX reads the characterization 
fiiefor the desired AutoCai moduie. 

Dispi ay AutoCai Characterization information: 

The AutoCai Characterization i nformation consists of Data Points, Switch 
Type, Seriai Number, Start and Stop Frequency.This information provides 
important information regarding the caiibration used to characterize the 
AutoCai moduie. 

Once the characterization fiie is ioaded, seiect the menu soft keys asfoiiows: 

Cai/MORE/COMPONENT UTiLiTiES/DiSPLAY AUTOCAL CHARACTER¬ 
iZATiON iNFORMATiON 

TheMS462XX dispiays the AutoCai Characterization information. 

This compietesthe procedure for working with the AutoCai Characterization 
Fiies using the MS462XX. 
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AutoCal Four-Port TheAutoCal Module (36584XF) is an automatic calibrator that provides fast, 
Calibration repeatable, and accurate coaxial two-port calibrations. The MS462XX 

AutoCal feature internally controls the AutoCal module to perform an OSLT 
calibration, thereby eliminating the requirement for an external computer 
and increasing the speed of the calibration. 


NOTE 

The AutoCal module 
must be characterized 
with the MS462XX be¬ 
fore attempting an 
AutoCal calibration (see 
Section 7-3, page 7-4). 


To calibrate the MS462XX using the AutoCal technique: 

1. Specify the Start F requency: 

Freq/START = 40 MHz 

2. Specify the Stop Frequency: 

STOP = 6000 MHz 

3. Specify Data Points: 

Config/DATA POINTS = 401 MAX PTS 

4. Specify Test Signal Power Levels (Source 1 provides output power 
between Ports 1 and 2; Source 2 provides output power between Ports 3 
and 4): 


Power/SOURCE 1 SETUP/SOURCE 1 POWER = 7 dBm 
Power/SOURCE 2 SETUP/SOURCE 2 POWER = 7 dBm 

5. Recall a stored characterization for the AutoCal module: 


Save/Recall/RECALL/AUTOCAL CHARACTERIZATION ON HARD DISK 

6. Select the AutoCal characterization file to read. 


7. Begin the AutoCal calibration: 

Cal/PERFORM CAL/AUTOCAL/SELECT BOX TYPE: 4 PORT 

SELECT CAL TYPE/FULL 4 PORT 

RETURN 

8. As required, change the calibration setup (Steps 11 through 13): 

CHANGE SETUP 

9. Specify Port Configuration: 

PORT CONFIG. 

SELECT PORTS: 

(Match the port numbers of the MS462XX to the AutoCal module where 
X, A, B, and C are on the AutoCal module) 

RETURN 

10. S peci fy T h ru Type: 

THRU ASSIGNMENT: AUTOCAL (for each thru) 

RETURN 
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CALIBRATION 


NOTE 

Include Isolation when 
there is poor isolation 
(< 100 dB) in the test 
setup. 


11. Specify Averaging Values: 

AVERAGING 
REFLECTION = 4 
LOAD = 4 
THRU = 4 
ISOLATION = 32 
INCLUDE ISOLATION = NO 
RETURN 

12. START AUTOCAL 4 PORT CALIBRATION 


START CAL 
MEASURE DEVICE(S) 

13. Following the MEASURE DEVICE(S) selection, the MS462XX proceeds 
with the calibration using the characterized AutoCal Module. 

14. Save the setup and cal data: 

Save/Recall/SAVE/FRONT PANEL SETUP AND CAL DATA ON HARD 
DISK/CREATE NEW FILE 

15. Specify a name using the front panel knob. When complete, select DONE. 


This completes the procedure for calibrating the MS462XX using the AutoCal 
technique. 
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AUTOCAL FOUR-PORT CALIBRATION 


AutoCal Four-Port The AutoCal M cxJule should be re-characterized every six months. The 
Characterization MS462XX streamlines the characterization process by providing internal con¬ 
trol of this process. This process requires a 40-term calibration in place before 
characterization can proceed. The following procedure characterizes the 
AutoCal module using the MS462XX. 

1. Perform an OSLT four-port calibration (Section 3-8) in the desired fre¬ 
quency range with maximum data points and maximum source power. 

2. Press the front panel keys and menu soft keys as follows: 

Utility/AUTOCAL CHARACTERIZATION 

3. Select the box type: 

SELECT BOX TYPE - 4 PORT 

4. Connect the four-port AutoCal module: 

Connect Port 1 to X 
Connect Port 2 to A 
Connect Port 3 to B 
Connect Port 4 to C 

5. Specify the Averaging Values: 

AVERAGING 
REFLECTION = 4 
LOAD = 4 
THRU = 4 
RETURN 
CONTINUE 

6. Following the CONTINUE selection, the MS462XX proceeds to character¬ 
ize the AutoCal Module using the previously performed OSLT calibration. 
This characterization process can be time-consuming, depending upon the 
averaging selections. 

7. Save the characterized AutoCal data for later retrieval: 

Save/Recall/SAVE/AUTOCAL CHARACTERIZATION ON HARD 
DISK/CREATE NEW FILE 

8. Specify a name using the front panel knob, and select DONE. 

This completes the procedure for characterizing the AutoCal module using 
theMS462XX. 
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CALIBRATION 


AutoCal Four-Port The AutoCal M odule contai ns a reference standard that is characterized dur- 
Assurance ing the characterization process. This reference standard is separate from the 

elements used for the OS LT calibration and can be accessed toevaluatethe 

quality of an AutoCal Calibration. 

1. Following an AutoCal Calibration, leave the AutoCal Module connected 
and select the menu soft keys as follows: 

Utility/DIAGNOSTICS/AUTOCAL ASSURANCE 

SELECT BOX TYPE - 4 PORT 

PERFORM ASSURANCE 

2. (Optional) View and/or adjust the Assurance Limits for Directivity, Source 
Match, Reflection Tracking, Load Match, and Transmission Tracking. 

ASSURANCE LIMITS SETUP 

RETURN 

3. Performthe AutoCal Assurance 

MEASURE DEVICE(S) 

4. The MS462XX performs the AutoCal Assurance. If AutoCal Assurance 
passes the Assurance Limits, a pass indication is provided. If not, a fail 
indication is provided. I n the case of a fail indication, a brief summary of 
failure for the first five frequencies is available in the MS462XX service 
log. 

5. Access the service log with the following menu soft keys. 

CONTINUE 

Utility/DIAGNOSTICS/SERVICE LOG 

This completes the procedure for performing an AutoCal Assurance 

using the MS462X 
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3-6 THREE-PORT 

CALIBRATION 


Calibration using the three-port calibration technique is available for selec¬ 
tion on three and four-port configurations of the MS462XX. 


MS462XD: 

Afour-port model can 
perform three-port 
calibrations. 

Option 3X: 

Adds a second inter¬ 
nal source and an ad¬ 
ditional test port. 

Option 6: 

Use and external 
synthesizer for 
three-port calibra¬ 
tions. 


NOTE 

Pressing CIr in the Data 
Entry area of the Front 
Panel aborts the calibra¬ 
tion process. 


The fol Iowi ng procedure cal i brates the M S462XX usi ng the three-port 
technique. 

A two-port calibration must be performed before proceeding with a three-port 
calibration. A two-port calibration can be one of the preceding OSLT or 
AutoCal calibrations. The frequency range and data points of the two-port 
calibration dictate the calibration configuration for the three-port calibration. 

1. Specify Test Signal Power Levels (Source 1 provides output power 
between Ports 1 and 2; Source 2 provides output power between Ports 3 
and 4): 

Power/SOURCE 1 SETUP/SOURCE 1 POWER = 7 dBm 

Power/SOURCE 2 SETUP/SOURCE 2 POWER = 7 dBm 

Cal/PERFORM CAL/MANUAL CAL/3 PORT 

CHANGE CAL METHOD/SOLT 

NEXT CAL STEP 

NEXT CAL STEP 

CHANGE PARAMETERS 

NEXT CAL STEP 

2. Specify calibration parameters: 


NOTE 

The Offset Length for a 
3.5 mm reflective device 
is 5 mm. 


PORT 3 CONN = TYPE N(M) 

DO PORT 2,3 THROUGH? = NO 
START CAL 

3. Follow the directions for connecting calibration devices. 

4. Save the setup and cal data: 

Save/Recall/SAVE/FRONT PANEL SETUP AND CAL DATA ON HARD 
DISK/CREATE NEW FILE 

5. Specify a name using the front panel knob. When complete, select DONE. 


This completes the procedure for calibrating the MS462XX using the 
three-port calibration technique. 
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3-7 TWO-PATH, 

THREE-PORT 

CALIBRATION 

Standard Feature 
for Three-Port 
Configurations 


Two-path, three-port calibration can be used when only Sll, S21, and S31 are 
required, or when load-match corrections are not critical. 


The fol Iowi ng procedure cal i brates the M S462XX usi ng the two-path, 
three-port technique. 

1. Perform an OSLT calibration (Section 3-3). 


2. Press the front panel keys and menu soft keys as follows: 


NOTE 

If the thru line length 
(port 1 to port 3) is not 
zero, enter the appropri¬ 
ate value. 


Cal 

PERFORM CAL/MANUAL CAL/3 PORT 

CHANGE CAL METHOD/2 PATH 3 PORT(S11, S21, S31) 

NEXT CAL STEP 
NEXT CAL STEP 
START CAL 

3. Connect the thru line between port 1 and port 3. 

MEASURE DEVICE(S) 

NEXT CAL STEP 
ENTER TO PROCEED 

This completes the procedure for calibrating the MS462XX using the 
two-path, three-port calibration technique. 
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3-8 FOUR-PORT 

CALIBRATION 

Model D Only 


Calibration using the four-port calibration technique is available for D models 
only. The following procedure calibrates the M S462xD using the four-port 
technique. 

A two-port calibration must be performed before proceeding with a four-port 
calibration. A two-port calibration can be one of the preceding OSLT or 
AutoCal calibrations. The frequency range and data points of the two-port 
calibration dictate the calibration configuration for the four-port calibration. 


1. Perform an OSLT two-port calibration (Section 3-3) or a two-port AutoCal 
calibration (Section 3-4). 


2. Specify Test Signal Power Levels (Source 1 provides output power be¬ 
tween Ports 1 and 2; Source 2 provides output power between Ports 3 and 
4): 


Power/SOURCE 1 SETUP/SOURCE 1 POWER = 7 dBm 
Power/SOURCE 2 SETUP/SOURCE 2 POWER = 7 dBm 
Cal/PERFORM CAL/MANUAL CALM PORT 
CHANGE CAL METHOD/SOLT 
NEXT CAL STEP 
NEXT CAL STEP 

3. Specify calibration parameters: 


NOTE 

To verify that the calibra¬ 
tion is good, connect a 
through between Ports 1 
and 2,1 and 3 and 1 and 
4 in consecutive order 
and check that S11, S22, 
S33 and S44 have a RL 
of 15 or better. Also verify 
transmission 
S-parameters are close 
to 0 dB. 


PORT 3 CONN = GPC-3.5 (M) 

PORT 4 CONN = GPC-3.5 (M) 

START CAL 

4. Follow the directions for connecting calibration devices. 

5. Save the setup and cal data: 

Save/Recall/SAVE/FRONT PANEL SETUP AND CAL DATA ON HARD 
DISK/CREATE NEW FILE 

6. Specify a name using the front panel knob. When complete, select DONE. 

This completes the procedure for calibrating the MS462xD using the 
four-port calibration technique. 
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3-9 DISCRETE FILL 

CALIBRATION 


A Discrete Fill calibration supports calibration requirements where the data 
point spacing is not uniform. 


Standard Feature 


The following display showsa bandpass filter response after perform! nga 
discrete fill calibration. 


CHI i 321 TRflNS T/R CH3i 322 REFL 

LOG MAGNITUDE LOG MAGNITUDE 

► REF= 0.000 dB ►REF= 0.000 dB 

15.000 dB/Diy 5.000 dB/Diy 



FREQUENCV 

►3TfiRT 

1.750000000 GHz 
3T0F 

2.080000000 GHz 
3ET CENTER/3PAN 
C.H. NODE OFF 


MARKER SNEER 

DISCRETE FILL 

STERSIEE DARIABLE 
FOR DISCRETE FILL 

121 DATA POINT(S) 


Figure3-3. Discr^eCalibration Example Display 


I n this example, more data points are required in the passband than in the 
rejection bands. In this way, measurement speed is optimized by limiting the 
amount of data points to only those of interest. The passband for this mea- 
su rement i s 1930 M FI z to 1990 M FI z. 

The following table shows the requirements for this discrete fill calibration. 


Start Frequency 

Increment 

Number of Points 

Stop Frequency 

1750 MHz 

5 MHz 

21 Points 

1850 MHz 

1850 MHz 

2 MHz 

31 Points 

1910 MHz 

1930 MHz 

1 MHz 

61 Points 

1990 MHz 

1990 MHz 

10 MHz 

10 Points 

2080 MHz 
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CALIBRATION 


DISCRETE FILL CALIBRATION 


The following procedure calibrates the MS462XX using the Discrete Fill 
technique. 


1. 

Press the Cal front panel key. 

NOTE 

2. 

Select the menu soft keys as follows: 

Pressing CIr in the Data 
Entry area of the Front 
Panel aborts the calibra- 


PERFORM CAL/MANUAL CAL/2 PORT 

NEXT CAL STEP 

tion process. 


FULL 12-TERM 



EXCLUDE ISOLATION 

N-DISCRETE FREQUENCIES (2 TO 1601 POINTS) 

CLEAR ALL 


3. 

Specify Start Frequency: 

NOTE 


START FREQ = 1750 MHz 

Include Isolation when 

4. 

Specify 1 ncrement: 

there is poor isolation 
(< 100 dB) in the test 


INCREMENT = 5 MHz 

setup. 

5. 

Specify Number of Points: 



NUMBER OF POINTS = 21 



FILL THE RANGE 


6. 

Specify Start Frequency: 



START FREQ = 1850 MHz 


7. 

Specify 1 ncrement: 



INCREMENT = 2 MHz 


8. 

Specify Number of Points: 



NUMBER OF POINTS = 31 



FILL THE RANGE 


9. 

Specify Start Frequency: 



START FREQ = 1930 MHz 


10. 

Specify 1 ncrement: 



INCREMENT = 1 MHz 


11. Specify Number of Points: 



NUMBER OF POINTS = 61 



FILL THE RANGE 
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12 . Specify Start Frequency: 

START FREQ = 1990 MHz 

13. Specify I ncrement: 

INCREMENT = 10 MHz 

14. Specify Number of Points: 

NUMBER OF POINTS = 10 
FILL THE RANGE 
NEXT CAL STEP 

15. Specify Port 1 Connector: 

PORT 1 CONN = TYPE N (F) 

16. Specify Port 2 Connector: 

PORT 2 CONN = TYPE N (M) 

17. Specify Test Signal Power Levels: 

TEST SIGNALS/SOURCE 1 POWER = + 7 dBm 
RESUME CAL 
START CAL 

18. Follow the directions for connecting calibration devices. 

19. Save the setup and cal data: 

Save/Recall/SAVE/FRONT PANEL SETUP AND CAL DATA ON HARD 
DISK/CREATE NEW FILE 

20. Specify a name using the front panel knob. When complete, select DONE. 


This completes the procedure for calibrating the MS462XX using the Discrete 
Fill technique. 


3-22 


MS462XXMG 






CALIBRATION 


SEGMENTED SWEEP CALIBRATION 


3-10 SEGMENTED 

SWEEP 

CALIBRATION 

Option 24 Required 


A segmented Sweep calibration supports measurement requirements where 
averaging, power, or IF bandwidth differ from frequency to frequency. The 
Segmented Sweep selection is available when a two-port calibration is 
performed. 


U p to 16 segments can be defined with a total of up to 1601 data points per 
sweep. Each segment can have unique averaging, power, and IF bandwidth 
setups. If the data spacing is not uniform, a Discrete Fill setting may be used 
in each segment. 


Before starting a Segmented Sweep calibration, sweep segments must be set 
up. The menus to set up a Segmented Sweep can be found under the SWEEP 
key on the front panel. 

Setting up a The following procedure illustrates how to set up a segmented sweep: 
Segmented 
Sweep 


1. Press the Sweep front panel key. 

2. Select the menu soft keys as follows: 

MORE 

SEGMENTED SWEEP 
DEFINE 

SEGMENT (to ON) 

START (set the start frequency of the first segment) 

STOP (set the stop frequency of the first segment) 

DATA POINTS (set the number of data points in the first segment) 

3. Add additional segments to the sweep by selecting the soft keys: 


NOTE 

Segmented Sweep 
mode must be applied 
before it will be active. 


ADD NEXT SEGMENT 

START (set the start frequency of the second segment) 

STOP (set the stop frequency of the second segment) 

DATA POINTS (set the number of data points in the second segment) 

4. Repeat Step 3 to add up to 16 segments in the segmented sweep. Each 
segment must be toggled ON to be included. 

5. Additional parameters, such as Discrete Fill, IFBW, Data Averaging, and 
Source Power can be uniquely set for each segment in the sweep. To ac¬ 
cess these additional parameters, select the MORE soft key. 

6. After all segments are set up, select 

RETURN 

SEG. SWEEP MODE = APPLY 
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CALIBRATION 


Calibrating a The following procedure calibrates the MS462XX using a Segmented Sweep: 

Segmented 
Sweep 

1. Press the Cal front panel key. 

2. Select the menu soft keys as follows: 

PERFORM CAL/MANUAL CAL/2 PORT 
CHANGE CAL METHOD AND LINE TYPE 
STANDARD (NOT USED FOR WAVEGUIDE) 

NEXT CAL STEP 
NEXT CAL STEP 
FULL 12-TERM 
EXCLUDE ISOLATION 

SEGMENTED SWEEP (1601 POINTS MAXIMUM) 

NEXT CAL STEP 

3. Specify Port 1 Connector: 

PORT 1 CONN = TYPE N (F) 

4. Specify Port 2 Connector: 

PORT 2 CONN = TYPE N (M) 

START CAL 

5. Follow the directions for connecting calibration devices. 

6. Save the setup and cal data by pressing the Save/Recall front panel key 
and selecting: 

SAVE 
MORE 

SEGMENTED SWP ON HARD DISK 
CREATE NEW FILE 

7. Specify a name using the front panel knob. When complete, select DONE. 


NOTE 

Include Isolation when 
there is poor isolation 
(< 100 dB) in the test 
setup. 


NOTE 

Pressing CIr in the Data 
Entry area of the Front 
Panel aborts the calibra¬ 
tion process. 


This completes the procedure for calibrating the MS462XX using the Seg¬ 
mented Sweep mode. 


3-24 


MSieiXXMG 








CALIBRATION 


ADAPTER REMOVAL 


3-11 ADAPTER While it is usually desired to perform a two-port calibration with mating con- 

REMOVAL nectors of the same type, this is sometimes not possible based on the connec- 

^ tors of the device to be tested. Examples of this include: 

Standard Feature 

□ The DUT has one N port and one GPC-3.5 port. 

□ The DUT has two female SMA ports and it is not desired to use a 
non-zero length thru. 

□ The DUT has onefixtured port and one SMA port. 

What these examples share is that completing the thru line between the ef¬ 
fective test ports requires some kind of adapter. Si nee the adapter has some 
phase length, loss, and mismatch, its effects should be removed for a high 
quality cal. Adapter removal is a utility to characterize this adapter and re¬ 
move its effects. 

The concept of the adapter removal relies on the existence of two related sets 
of reference planes—one set on either side of the adapter (see Figure 3-4). As¬ 
suming one can perform a full calibration at each set of reference planes, 
there is enough information to extract the behavior of the adapter itself. 

When the calibration is being performed at the reference planes on the left 
(between ports 1 and 2'), the adapter behavior is embedded in the characteris¬ 
tics of port 2'. Similarly, when the calibration is being performed between 
ports 1' and 2, the adapter behavior is embedded in that of port 1'. Since each 
of these two calibrations involve mating connector types, these are far easier 
to perform than the direct 1-2 calibration. It will not be shown here, but the 
useof the two calibrations provide nearly enough information to extract the 
parameters of the adapter itself. 

Figure 3-4 shows the structure of the adapter removal calibration. Two cali¬ 
brations are performed at the two sets of reference planes shown (between 
ports 1 and 2', and between 1' and 2), which allows a determination of the 
adapter behavior. After the adapter removal, the resulting calibration will be 
between Ports 1 and 2. 


1 


Original Reference Planes 


T r 





Figure3-4. Adapter Removal Block Diagram 
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CALIBRATION 


There are two caveats to this procedure. First, only the S21S12 products of 
the adapter can be determined from this procedure, not the two transmission 
terms individually. However, since only the product is needed tode-embed the 
adapter effects, this is not much of a problem. Most adapters are passive and 
reciprocal anyway, so the individual terms could be determined if necessary. 
Second, there is a complex square root operation involved, so a root determi¬ 
nation is necessary. To hel p this, the user must enter a guess as to the electri¬ 
cal length of the adapter (in ps of delay). The guess need not be very accurate, 
just within the correct half plane. At 2 GHz, this means the error in delay en¬ 
try should be less than 125 ps to ensure the correct root is selected. I n general 
the error must be less than l/(4f) where f is the highest frequency being used. 

Performing an Two full two-port calibrations must be performed and those calibrations (plus 

Adapter Removal front panel setups) must be stored to the current directory on a floppy or hard 

disk (usually the hard disk is used greater for speed). The setups for the two 
calibrations should be the same in terms of frequency range and number of 
points. Upon entering the adapter removal utility, an estimate for the electri¬ 
cal length of the adapter must be entered as well as the location of the two 
calibrations. Once this is done, the utility will generate and apply a new cali¬ 
bration by removing the adapter effects. The menu and help screen for this 
procedure are shown in Figure 3-5. 


- flDflPTER REMQIJflL 


RDRPTER REMOURL 


RDfiPTER REHOURL PERMITS RCCLRRTE MERSUREMENT OF NON- 
INSERTRBLE DEVICES, USING RN RDRPTER OF KNOWN ELECTRICRL 
LENGTH RND PERFORMING TWO FULL 12-TERN CRLIBRRTIONS. 

PORT 1 PORT 2 

TEST PORTS 

-<K vE- 

RDRPTER; K' ^-E T" LENGTH L [ps] 

X RND V RRE COfiXIRL OR WROEGUIDE CONNECTOR TVPES. 

L IS THE LENGTH OF THE RDRPTER [ps]. 


12-TERH CRLS X 6 V 
MUST EXIST IN THE 
CURRENT DIRECTORV 


ELECTRICRL LENGTH 
OF THE RDRPTER 
0.0000 ps 


- INSTRUCTIONS 


REMOOE RDRPTER 


1. CONNECT ADOPTER TO PORT 1. PEREORM R EULL 12-TERM CRL 
USING V RND V flS THE TEST PORTS. STORE CRL TO DISK. 

2. CONNECT RDRPTER TO PORT 2. PERFORM R FULL 12-TERM CRL 
USING X RND X' R3 THE TEST PORTS. STORE CRL TO DISK. 

3. BOTH X RND V CRL FILES MUST BE PLACED IN THE CURRENT 

DIRECTORV OF THE HARD DISK OR FLOPPV DISK. ►HELP ON 

R. ENTER THE ELECTRICRL LENGTH OF THE RDRPTER. 

5. SELECT <REM0VE RDRPTER> TO READ THE X RND V CRL FILES 

RND CALCULATE THE NEW SET OF 12-TERM ERROR RETURN 

COEFFICIENTS. IF DESIRED, SflUE THE CALIBRATION. 


Figure3-5. Menu and Help Screen for an Adapter Removal 
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ADAPTER REMOVAL 


Example: The following example should help illustrate the use of the adapter removal 

utility. An adapter was constructed with about 3 dB of loss and 180 degrees of 
phase shift at 3 GHz. This leads to an estimate of the delay length of: 

(b = (OX x= —=- - -= 167ps 

CO 2jt(3x10®) 

Since the loss of this adapter is substantial, one could not simply use refer¬ 
ence plane extensions to remove the phase shift and hope for an accurate 
result. 

The two calibrations described earlier were performed and stored to the hard 
disk and the adapter removal was executed. A thru was then connected with¬ 
out the adapter in place. Normally this would not be possible (si nee the whole 
reason for using the adapter removal was for situations when a thru would be 
difficult), but this example adapter was constructed just to show that the al¬ 
gorithm functions correctly. The results are shown in Fig. 3. 


Sll REFLECTION CRPl TRANSMISSION/REFLECTION 


LOO MflONITUDE ►REF=0.000 dB 10.000 dB/DIU 



S21 TRANSMISSION GRPl TRANSfllSSION/REFLECTION 

LOG MAGNITUDE ►REF=0.000 dB 0.200 dB/DIU 













..:.;.,.0,,0.9 





.rti. 

.:....3,.00j5..00.0..00.0.,f1H2 





. . T.. ... 



























10.000 000 MHz _ 6 000.000 000 MHZ 


PHASE .REF=0.00° 2.00°/[>HJ 


fiDflPTER REMOlJflL 


12-TERH CRLS X 8 V 
RUST EXIST IN THE 
CURRENT DIRECTOR? 


ELECTRICRL LENGTH 
OF THE fiDOPTER 
167.0000 ps 


REMOUE ADOPTER 


HELP OFF 


►RETURN 


Figure3-6. Result of the Adapter Removal 


The thru without the adapter was connected after executi ng the adapter re¬ 
moval utility and the near-perfect thru values for 521 show that the algo¬ 
rithm successfully removed the adapter from the calibration. As expected, the 
thru without the adapter shows nearly zero insertion loss and phase shift, 
and a very good match. Any residuals are largely due to cable flex. Had this 
connection been made with one of the initial two calibrations applied, 521 
would have shown about 3dB of gain si nee the adapter had been built into 
each calibration. 
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3-12 FLEXIBLE 

CALIBRATION 

Standard Feature 


Flexible Calibration mode allows an existing two, three, or four-port calibra¬ 
tion to be quickly subdivided so that only the required measurements are 
used. This is accomplished by having all error coefficients available, but just 
enabling those that are needed. The configuration can be changed so that cal¬ 
ibration setups do not need to be recalled from memory or disk. 


Using Flexible Flexible Calibration requires that a single N-port (two, three, or four-port) 
Calibration calibration be performed (see application notes AutoCal, 11410-00258, or 

4-Port AutoCal, 11410-00298, for more information). Then, when a given mea¬ 
surement is to be performed, the user selects what portion of the calibration 
is to be used. The simplest case is when a full M-port calibration is enabled 
(M<N). 


FLEXIBLE CBL 

SELECT INPUT METHOD 
(BV PORT) 

FULL TERM CRLS 

REFLECTION ONLV 
(BV S-PRRRM) 

► CUSTOMIZE CRL 


FLEXIBLE CRL MODE 
flPPLV 

DEFINE 


For example, a four-port VNA is used to measure a pair of two-port DUTs. 
Whileone DUT is being measured, the second DUT is being loaded on the re¬ 
maining two ports. The user has two options: 

□ Use two, two-port calibrations and recalI the setup between each 
measurement 

□ Use a four-port calibration 

I n each case, considerable time is lost due to reloading a two-port calibration 
between measurements or due to measuri ng 16 parameters each ti me when 
only four are needed. 

With Flexible Calibration, you can perform a full four-port calibration (parent 
calibration) to start and then enable a two-port calibration for each of the 
measurement groups. Once the parent calibration has been performed, the 
FlexibleCal menu (left) can be used to select the appropriate measurement 
subsets as follows: 

□ FULL TERM CALS—If the parent calibration is a four-port cali¬ 
bration, use this to select a full two or three-port calibration or to 
re-enable the full four-port calibration; if the parent calibration is 
a three-port calibration, use this to select any two-port calibra¬ 
tion or to re-enable the three-port calibration 

□ REFLECTION ONLY CALS—Usethistoselect one, or uptofour, 
reflection-only one-port calibrations 

□ CUSTOMIZE CALS—Usethistoselect different combinations 
other than full-term or one-port calibrations 


HELP OFF 


RETURN 
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An important point is that the system will automatically determine 
which error terms must be included to perform the correction as best 
as possible within the constraints supplied. The rules for the system's 
decisions can be described as follows: 

□ If a reflection term (Sii) is activated, include all reflectometer co¬ 
efficients for that port. If Sii is isolated, the calibration is treated 
I ike a one-port reflection-only calibration 

□ For each transmission term (Sji), activate its tracking term. If 
done alone, the calibration is treated I ike a normalization calibra¬ 
tion (similar to frequency response) 

□ I f a transmission term is activated along with its matchi ng re¬ 
flection terms (e.g., S12, Sii and S22), activate the load match 
terms 

The net effect is, if all four parameters associated with a two-port cali¬ 
bration are specified, a full two-port correction will be enabled. If only 
Sjj and Sjj are activated, then a 1-path, two-port calibration will be en¬ 
abled. 


NOTE 

Although the system can be fairly intelligent in which 
terms it uses, it knows little about the DUT. You can help 
by specifying not only the measurements that are needed, 
but also the ones that aretightly connected tothe desired 
measurement and are not on the measurement's list. 

Example Using Figure 3-7 shows a three-port device consisting of a one-port resona- 

FlexibleCalibration tor/antenna and a two-port, sub-DUT. If leakage is not of interest, you 

would really want to measure only five parameters instead of nine. 
The idea is to avoid measuring more than is needed. 



Figure3-7. Three-Port VNA Measuring a Three-Port Device 
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The three-port DUT has an integrated antenna, to be treated as a sin¬ 
gle port, and an amplifier path, to be treated as a separate two-port 
device. The following will illustrate that in partially connected DUTs, 
such as this, there is no accuracy penalty in using the Flexible Cali¬ 
bration mode. 

A full three-port calibration and measurements over the 700 M Hz to 
1000 M Hz frequency range were performed. Both the full three-port 
calibration results and the Flexible Calibration results, defined as 
CUSTOM CAL with the Sll, S12, S21, S22, and S33 parameters en¬ 
abled, are compared on an overlay in Figure 3-8 below. 



TRftNSMISSION ftND 
REFLECTION 
CRLIBRRTION 

APPLY CRL 

2 PORT 

(CRL EXISTS) 

3 PORT 

(CflL EXISTS) 

►FLEXIBLE CflL 
(CUSTOMIZE CflL) 

NONE 

PERFORM CflL 

2 PORT 

(CflL EXISTS) 

3 PORT 

(CflL EXISTS) 


flUTOCflL 


MORE 


Figure3-8. ExampleComparing FIexibleCalibration Results with Full Three-Port Calibration Results 

The light trace is the full three-port calibration result while the dark 
trace uses the Flexible Calibration method. Aside from some minor dif¬ 
ferences due to trace noise (measurement done with a very wide IFBW 
with no averaging), the traces overlay completely. As expected there is 
no difference, but only five parameters were measured per cycle in¬ 
stead of nine. This method works for partially connected DUTs, such 
as those discussed previously. 

Other application notes (e.g.. Three and Four Port S-parameter Mea¬ 
surements, 11410-00279) or Anritsu customer service can be consulted 
for more information on the various types of calibrations possible. 
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3-13 ACCURACY 

ENHANCEMENT 

Standard Feature 

Flat Test Port Power 
Calibration 


NOTE 

If a network or cables are 
placed between Port x 
and the power sensor, 
the instrument will adjust 
the source power level to 
obtain the desired output 
power at the sensor in¬ 
put. Keep in mind that if 
the network is lossy, the 
source may not be able 
to achieve the leveled 
power desired at the 
sensor input resulting in 
ALC LVLD FAIL errors. 
The maximum leveled 
source output is typically 
+7 dBm. 


Whilethe MS462XX VNMS is a highly accurate measurement platform, 
there are calibration procedures which can be performed to further enhance 
the accuracy of the system. These strategies are detailed in this section. 

This calibration is performed with a power meter connected to the dedicated 
GPIB bus of MS462XX. The power sensor is then connected to the appropri¬ 
ate test port and the measurement process can begin. 

1. Press the Power front panel key 

2. Select which source (source 1 or source 2) to perform the calibration with. 

SOURCE 1 SETUP 

3. Set the selected source to the desi red power level. 

SOURCE 1 POWER = 0 dBm 

4. Select the flat test port power calibration 

FLAT TEST PORT POWER CAL 

5. Ensure that the power meter is calibrated and zeroed. Supported power 
meters include the Anritsu 2430A Series, the FIP 437 and FIP 438, and 
theGigatronics Model 8540. 

6. Connect the power sensor to the test port. 

7. Select the number of power points to be measured. For best results, one 
power point should be measured per sweep point, otherwise interpolation 
will occur and accuracy will be reduced. 

MEASURE 1 POWER POINT EVERY 1 POINT(S) 

8. E nter the target source power. For best results, the target source power 
should be equal to the source power set previously. 

POWER TARGET = 0 dBm 

BEGIN CAL 

9. Wait until the process is complete. This measurement may take a few 
minutes, especially with older power meters which are slower in the ac¬ 
quisition process. 

10. Save the Calibration if desired. 

This completes the flat test port power calibration. 
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Receiver Calibration 

1 n order for the MS462XX to measure absolute power, a receiver calibration is 
necessary. If this step is performed following a flat test port power calibration, 
then the accuracy of the source is essentially being transferred to the re¬ 
ceiver. This calibration is applicable to intermodulation distortion (1MD) and 
harmonics applications in standard and mixer device types. 

To perform a receiver calibration: 

NOTE 

Performing the receiver 
cal over the full fre¬ 
quency range allows one 
cal to satisfy many differ¬ 
ent frequency ranges 
without the need for mul¬ 
tiple calibrations. 

11. Select the frequency range of interest by pressing the Freq front panel 
key. 

START = 10 MHz 

STOP = 6 GHz 

12. Select the number of points by pressing the Config front panel key 

DATA POINTS 

POINTS 

13. Press the Power front panel key. 

RECEIVER CAL 

RECEIVER CAL 

14. Select the receiver port. 

RECEIVER PORT = PORT 2 

15. Select the source port. 

SOURCE PORT = PORT 1 

16. Connect a throughline between port 1 and port 2. 

BEGIN CAL 

This completes the receiver calibration procedure. 
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Chapter 4 
Applications 


4^1 INTRODUCTION The MS462XX organizes measurement capabilities into applications accessi¬ 
ble from the applications key (AppI) on the front panel of the system. This 
measurement organization allows for straightforward and intuitive measure¬ 
ment operation and a convenient method for switching between different 
measurement applications. 

Following the application setup, it is best to perform a calibration to remove 
system errors before proceeding with actual measurements. 

This chapter contains discussions, examples, and procedures related tothe 
following applications: 

□ Noise Figure 

□ I ntermodulation Distortion (I MD) 

□ Flarmonic 

□ Swept Power Gain Compression (SPGC) 

□ Swept Frequency Gain Compression (SFGC) 

□ Time Domain 

□ M i xer M easu rements 

□ Frequency Translated Group Delay 

□ Power Sweep 

Each application discussion shows a typical measurement result. The proce¬ 
dures document the steps used to achieve this typical measurement result. 

Once a typical measurement is mastered, explore the different measurement 
configurations for each application to become familiar with each application's 
powerful capabilities. 
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NOISE FIGURE 


4-2 NOISE FIGURE 

Option 4X: 

50 MHz to 3 GHz 
50 MHz to 6 GHz 


This section contains information on three typical noise figure measurements, 
all performed on the same device under test (DUT). This approach allows for 
direct comparisons of measurement results. The procedures are presented so 
that each measurement builds on the setup of the previous measurement. 

The four sections are: 


□ External Scalar Noise Figure 

□ I nternal Scalar Noise Figure 

□ Vector Error-Corrected Noise Figure 

□ External Attenuators and Networks 


The External Scalar Noise Figure measurement produces noise figure values 
that can be used for comparisons to other approaches. 

The I nternal Scalar Noise Figure measurement is similar to the External 
Scalar Noise Figure measurement, but the noise source is connected to the 
rear panel of the MS462XX. These noise figure values will generally corre¬ 
spond to the External Scalar measurement; however, matching difference in 
the path between the noise source and the DUT can cause substantial 
differences. 


The Vector Error-Corrected Noise Figure measurement combines the 
S-parameter and Noise Figure measurements to compensate for mismatching 
effects in the measurement. 


The I nternal measurement capability of the MS462XX allows switching be¬ 
tween noise figure and other measurement applications, allowing more mea¬ 
surements to be made with fewer connections. 


The External Attenuators and Networks section overviews the correction 
mechanisms to minimize error when using adapters, cables, or other net¬ 
works between the noise source and the DUT. 


For more information on noise figure measurements, refer to the foil owing 
Anritsu Application Notes: 


□ Noise Figure (Anritsu part number: 11410-00210) 

□ Noise Figure Accuracy (Anritsu part number: 11410-00227) 

□ Noise Figure Corrections (Anritsu part number: 11410-00256) 
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External Scalar 
Noise Figure 


The following display shows a typical External Scalar Noise Figure measure¬ 
ment. 


NOISE FIGURE NOISE FIGURE 

LOG HOGNITUDE 
► REF= 0.000 dO 
1 .000 dE/DIU 



CHli GAIN 
LOG HRGNITUDE 
►REF= 0.000 dB 
5.000 dE/DIU 


Figure4'l. Exte^nal Scalar NoiseFigureExampleDisplay 


The following procedure outlines a typical External Scalar Noise Figure 
measurement. 


1. Press the AppI front panel key. 


NOTE 

Noise Figure measure¬ 
ments are oniy availabie 
between 50 MFIz and 
6 GHz. 


2. Select the menu soft keys as follows: 

CHANGE APPLICATION SETUP 
ENTRY STATE: CURRENT 
MEASUREMENT TYPE/NOISE FIGURE 
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NOTE 

Select DUT BAND¬ 
WIDTH = NARROW for 
noise figure measure¬ 
ments of band limited de¬ 
vices. The WIDE selec¬ 
tion provides faster 
measurements of broad¬ 
band devices than the 
NARROW selection. 


3. Specify the DUT Bandwidth for the noise figure measurement. 

DUT BANDWIDTH = WIDE 

4. I ndicate the location of the noise source for the measurement. 

NOISE FIGURE SETUP 
NOISE SOURCE = EXTERNAL 

5. Load the appropriate noise source ENR values. 

ENR TABLE OPERATION 
LOAD ENR TABLE 

FROM HARD DISKA/ENDOR ENR TABLE 

6. Select the ENR file to read. 


7. Prepare the MS462XX for calibration. 


NOTE 

Refer to Section 7-9 for 
information on format¬ 
ting the noise source 
ENR vaiues into a file 
and copying the file to 
the hard disk. 


Freq/START = 1 GHz 
Freq/STOP = 2 GHz 
Config/DATA POINTS = 51 MAX PTS 

The following table shows some typical noise figure measurement sweep 
times for noise figure averaging =40. 


Data Points 

Typical Sweep Time 

101 

3 minutes, 35 seconds 

51 

1 minute, 49 seconds 

15 

32 seconds 

3 

6.4 seconds 

1 

2.1 seconds 


NOTE 

The default noise figure 
average of 40 provides 
measurement speed 
and reasonable stability. 
Increasing the noise fig¬ 
ure averaging provides 
more stable measure¬ 
ments, but decreases 
the measurement 
speed. 


Avg/NOISE FIGURE AVERAGE = 40 
NOISE FIGURE AVERAGE = ON 

8. Connect a through line between the noise source and Port 2 of the 
MS462XX. 

Cal/PERFORM NOISE FIGURE ONLY 
MEASURE DEVICE(S) 

The MS462XX proceeds with the calibration. 

EXIT 

9. Connect the DUT between the noise source and Port 2 of the MS462XX. 
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10. Configure the 4-Channel display for the desired results. 


NOTE 

OVERLAY DUAL CHAN¬ 
NELS requires that both 
channels have the same 
Graph Type. 


Ch 1 

Display/GRAPH TYPE/LOG MAGNITUDE 
Appl//DISPLAY SELECTIONS/INSERTION GAIN 
Ch 3 

Display/GRAPH TYPE/LOG MAGNITUDE 
Appl/DISPLAY SELECTIONS/NOISE FIGURE 
Display/DISPLAY MODE/OVERLAY DUAL CHANNELS 1 & 3 
11. Adjust the scales for each channel display. 

Ch 1 

Display/SCALE 
RESOLUTION = 5 dB/DIV 
REFERENCE LINE = 2 
Ch 3 

Display/SCALE 
RESOLUTION = 1 dB/DIV 
REFERENCE LINE = 2 


This completes the procedure for performing the External Scalar NoiseFig- 
ure measurement using the MS462XX. 
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Internal Scalar The following display shows a typical Internal Scalar Noise Figure measure- 
Noise Figure ment for the same frequency range and data points as the previous external 
measurement. Note that these results are similar to the previous results. 
These noise figure values will generally correspond to the External Scalar 
measurement; however, a matching difference in the path between the noise 
source and the device under test (DUT) can cause substantial differences. 


CHI: gain 
LOG HGGHITUDE 
►REF= 0.000 dB 
5.000 dB/DIV 


NGISE FIGJRE CH5: NGISE FIGURE 

LOG HOGNITUDE 
► REF= 0.000 dB 
1.000 dB/DIV 



Figure4'2. Internal Scalar NdseFigureExampleDisplay 



Figure4-3. Internal NoiseSourceConfiguration 
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NOTE 

The internal ENR exten¬ 
sion table is created at 
the factory by Anritsu 
and is installed on both 
the internal memory and 
the hard drive. Refer to 
Section 7-9 for informa¬ 
tion about creating a new 
ENR extension file and 
copying the file to the in¬ 
ternal memory and hard 
disk. 


NOTE 

Specify the ENTRY 
STATE before selecting 
the next application. 
PREVIOUS configures 
the next applications 
with the previous system 
settings. CURRENT 
uses the current system 
settings in the next appli¬ 
cations. 


1. Ensure that the noise source is connected to the rear panel of the 
MS462XX. 

2. Indicate the location of the noise source for the measurement. 

Appl/NOISE FIGURE SETUP 
NOISE SOURCE = INTERNAL 

3. Connect a through line between the noise source and Port 2 of the 
MS462XX. Note that the noise source for internal measurements is 
routed to Port 1. Proceed to calibrate for this configuration where the 
noise source location is internal. 

Cal/PERFORM NOISE FIGURE ONLY 
MEASURE DEVICE(S) 

The MS462XX proceeds with the calibration. 

EXIT 

4. Connect the DUT between the noise source and Port 2 of the MS462XX. 
Single Connection, Multiple Measurements 

5. Switch between Noise Figure measurements and Transmission and Re" 
flection measurements. 

Appl/CHANGE APPLICATION SETUP 
ENTRY STATE = PREVIOUS 

MEASUREMENT TYPE/TRANSMISSION REFLECTION 
Appl/CHANGE APPLICATION SETUP 
MEASUREMENT TYPE/NOISE FIGURE 

This completes the procedure for performing the Internal Scalar Noise Figure 
measurement using the MS462XX. 
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Vector Error-Corrected The following display shows a typical Vector Error-Corrected Noise Figure 

Noise Figure measurement for the same frequency range and data points as the previous 

measurements. The Vector Error-Corrected Noise Figure measurement com¬ 
bines the S-parameter and NoiseFigure measurements to compensate for 
mismatching effects in the measurement. 

The Vector Error-Corrected Noise Figure measurement requires a two-port 
calibration that dictates the frequency range and data points for this ap¬ 
proach. Careful selection of system settings will help optimize both 
S-parameter and Noise Figure for both speed and accuracy. 


NOISE FIGURE CH3: NOISE FIGURE 

LOG HflONITUDE 
► REF= 0.000 dB 
1.000 dB/DIV 



CHI : flUfllLRBLE GRIN 
LOG HRGNITUDE 
►REF= 0.000 dB 
5.000 dB/DIV 


Figure4-4. Vector Error-Corrected Noise Figure Example Display 


The following procedure adds the two-port calibration to the previous Inter¬ 
nal Scalar NoiseFigure measurement. Performing the noise figure calibra¬ 
tion with the 12-term calibration allows compensation for the mismatching 
effects in the measurement. 
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1. Switch from Noise Figure measurements to Transmission and Reflection 
measurements. 

Appl/CHANGE APPLICATION SETUP 
ENTRY STATE = CURRENT 

MEASUREMENT TYPE/TRANSMISSION REFLECTION 

2. Select Source Power to ensure S-parameter measurements are performed 
without compression. 

Power/SOURCE 1 SETUP/SOURCE 1 POWER = -15 dBm 

3. Perform a two-port calibration. Reference chapter 3 for calibrating the 
MS462XX. 


4. Switch from Transmission and Reflection measurements to Noise Figure 
measurements. 


NOTE 

This ENTRY STATE se¬ 
lection configures the 
Noise Figure application 
with the current settings 
(i.e., Frequency, Data 
Points, Source Power, 
Display Selections, etc.). 


Appl/CHANGE APPLICATION SETUP 
ENTRY STATE = CURRENT 
MEASUREMENT TYPE/NOISE FIGURE 

5. Connect a through line between the noise source and Port 2 of the 
MS462XX. Note that the noise source for internal measurements is 
routed to Port 1. Proceed with calibration. 

Cal/PERFORM NOISE FIGURE WITH 12-TERM 
MEASURE DEVICE(S) 

The MS462XX proceeds with the calibration. 


EXIT 

6. Connect the DUT between the noise source (Port 1) and Port 2 of the 
MS462XX. 

7. Configure the 4-Channel display for the desired results. 

Ch 1 

Appl/DISPLAY SELECTIONS/AVAILABLE GAIN 
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The following display shows the difference between Insertion Gain and Avail¬ 
able Gain for this measurement. 


NOISE FIGURE CHU: flUflILflBLE GRIN 

LOG MAGNITUDE 
► REF= 19.000 dB 
1.000 dB/DIV 



CH2: GAIN 
LOG MAGNITUDE 
►REF= 19.000 dB 
1.000 dB/DIV 


Figure4'5. I nserti cm Gain vs Avail able Gain Example Display 


8. Configure channels 2 & 4 for this measurement 

Display/DISPLAY MODE/FOUR CHANNELS 
Ch 2 

Display/GRAPH TYPE/LOG MAGNITUDE 
Appl/DISPLAY SELECTION/INSERTION GAIN 
Ch4 

Display/GRAPH TYPE/LOG MAGNITUDE 
Appl/DISPLAY SELECTION/AVAILABLE GAIN 
Display/DISPLAY MODE/ OVERLAY DUAL CHANNELS 2 & 4 
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9. Adjust the scales for each channel display. 

Ch 2 

Display/SCALE 
RESOLUTION = 1 dB/DIV 
REFERENCE VALUE = 19 dB 
REFERENCE LINE = 4 
Ch4 

Display/SCALE 
RESOLUTION = 1 dB/DIV 
REFERENCE VALUE = 19 dB 
REFERENCE LINE = 4 

This completes the procedure for performing the Vector Error-Corrected 
Noise Figure measurement using the MS462XX. 
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External Attenuators Whenever an adapter, cable, or network is placed between the noise source 

and Networks and the DUT, a possible error in the resulting noise figure measurement can 

be introduced. While the possible error is small, when the utmost accuracy is 
desired, the following correction mechanisms can be implemented to mini¬ 
mize error. 



Figure 4-6. Loss Before DUT Schematic 

Loss Before the DUT 

If a network (attenuator) is placed between Port 1 and the input of the DUT, 
the contribution to ENR reduction can be entered in the noise figure setup 
menu. This method should only be used for networks which have flat fre¬ 
quency response (loss is constant over frequency). Figure 4-6 shows the net¬ 
work attenuator represented in general as A. Use the following procedure to 
insert the loss before the DUT. 

10. Select the noise figure setup menu: 

Appl/NOISE FIGURE SETUP 

11. Select the ENR Table Operation menu and select the ENR Table for the 
noise diode being used. 

ENR TABLE OPERATION/LOAD ENR TABLE 
FROM HARD DISKA/ENDOR ENR TABLE 

12. For scalar, internal and vector corrected measurements, press the Appli¬ 
cation front panel key to return to the main NF menu: 

AppI 

13. Select the insertion loss before DUT option: 

INSERT LOSS BEFORE THE DUT 

14. Enter the loss of the input network and perform the noise figure calibra¬ 
tion as usual. 


NOTES 

The internal ENR exten¬ 
sion table is created at 
the factory by Anritsu and 
is installed on both the in¬ 
ternal memory and the 
hard drive. Refer to Sec¬ 
tion 7-9 for information 
about creating a new 
ENR extension file and 
copying the file to the in¬ 
ternal memory and hard 
disk. 

Loss before DUT is used 
to correct the ENR for any 
losses between the ENR 
reference plane and the 
DUT plane. If those 
losses are present during 
the calibration, then the 
loss should be entered 
before the cal is per¬ 
formed. If the lossy net¬ 
work is not present during 
the cal, then a value of 0 
dB should be entered un¬ 
til after the cal is done. 
Only enter a value for 
loss before the DUT 
when the lossy network is 
present in the measure¬ 
ment path. 


4-12 


MS462XXMG 








APPLICATIONS 


NOISE FIGURE 


Loss After the DUT 

When a device has very high gain, the receiver may saturate during the mea¬ 
surement. This typically is a concern when measuring a device with >20 to 25 
dB of gain with a 15 dB ENR noise diode. To prevent this, place attenuators 
after the DUT to reduce the power to manageable levels, as represented by B 
in Figure 4-7. 



Figure 4-7. Loss After DUT Schematic 


NOTES 

Only use this setting 
when adding attenuation 
AFTER performing the 
noise figure calibration. If 
the instrument was caii- 
brated with the attenua¬ 
tion in the path, then 
leave this setting zeroed 
out, as the instrument 
will already be compen¬ 
sating for the loss. 

The internal ENR exten¬ 
sion table is created at 
the factory by Anritsu 
and is installed on both 
the internal memory and 
the hard drive. Refer to 
Section 7-9 for informa¬ 
tion about creating a new 
ENR extension file and 
copying the file to the in¬ 
ternal memory and hard 
disk. 


1. Select the noise figure setup menu: 

Appl/NOISE FIGURE SETUP 

2. Select the ENR Table Operation menu and select the ENR Table for the 
noise diode being used. 

ENR TABLE OPERATION/LOAD ENR TABLE 

FROM HARD DISKA/ENDOR ENR TABLE 

3. For scalar, internal and vector corrected measurements, press the Appli¬ 
cation front panel key to return to the main NF menu: 

AppI 

4. Select the insertion loss after DUT option: 

INSERT LOSS AFTER THE DUT 

5. Enter the loss of the output network and perform the noise figure calibra¬ 
tion as usual. 
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External Extension Files (Internal and Vector Measurements only) 

When the network ahead of the DUT does not have a flat frequency response, 
the two-port S-parameters of the network can be measured, and the 
MS462XX can compute the correction file for the path from the rear panel of 
the instrument all the way to the DUT input connector. This method takes 
the factory generated .EXT file for the path within the instrument and con¬ 
catenates it with a user generated .S2P file for the network between the port 
1 connector and the DUT input connector. This is represented as A in Figure 
4-8. 



Figure 4-8. External Extension Files Schematic 


Use the following procedure to make this type of measurement. 


NOTE 

The internal ENR exten¬ 
sion table is created at 
the factory by Anritsu 
and is installed on both 
the internal memory and 
the hard drive. Refer to 
Section 7-9 for informa¬ 
tion about creating a new 
ENR extension file and 
copying the file to the in¬ 
ternal memory and hard 
disk. 


1. Select the noise figure setup menu: 

Appl/NOISE FIGURE SETUP 

2. Select the ENR Table Operation menu and select the ENR Table for the 
noise diode being used. 

ENR TABLE OPERATION/LOAD ENR TABLE 
FROM HARD DISKA/ENDOR ENR TABLE 

3. Go to the external ENR extension table menu 

EXTERNAL ENR EXTENSION TABLE 
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6. Select the .NFX file for the characterization of the network between port 
1 and the DUT. The .NFX file is a user created .S2P file renamed with the 
file extension .NFX. 


NOTE 

This will activate the user 
generated .NFX file. If 
this is not enabled, the 
results will be inaccu¬ 
rate, as the correction file 
will not be applied. 


Return 

7. E nable the external E N R correction table: 

EXTERNAL ENR EXTENSION TABLE 

8. Return to the main NF menu: 

AppI 

9. Perform the noise figure calibration as usual. 

Notes on creating an .NFX file: 

The .NFX file which characterizes the network between the port 1 connector 
and the DUT input connector is a user generated .S2P file of the four S-pa- 
rameters for the user inserted network. When creating this file, try to keep 
the frequency range consistent with the NF capabilities of the instrument, al¬ 
though the instrument will interpolate/extrapolate as necessary. 


NOTE 

The extension files are 
also used to correct for 
losses between the 
noise source and the 
DUT but with a higher 
level of accuracy. As with 
the LBD, if the network 
causing the loss is pres¬ 
ent during the cal, that 
extension file must be 
activated for the cal. If 
doing internal measure¬ 
ments, the internal ex¬ 
tension file is automati¬ 
cally activated. The user 
manually activates the 
external extension file 
when appropriate. 


1. Perform a careful calibration and measure the S-parameters of your net¬ 
work 

2. Use the frequency range from 50 MFIz to 3 GFIz with 101 points. 

3. Create the .S2P file 

HARD COPY 

OUTPUT DEVICE = DISK FILE 
OUTPUT SETUP 
FORMAT = S2P 

4. Press the Print front panel key to capture the output. 

5. Rename the filename extension from *.S2P to *.NFX. This can be done 
using Windows Explorer or any other utility. 

6. Copy the .NFX file back tothe MS462XX. 
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Viewing Excess NoiseRatio (ENR)Tables 

Excess noise ratiotables are unique for each noise diode and must deselected 
to match the diode in use for the noise figure measurement. The view ENR 
table function may be used to verify that the correct table is loaded, and that 
the table is free of errors. 


- 

EHR TABLE - 

DISPLAY ERR TABLE 

FREQUENCY (GHz) 

EHR (DB) 


0.0100 

15.9800 

►FIRST PAGE 

0.1000 

15.8100 


1.0000 

15.6200 


2 .0000 

15.-1900 

PREVIOUS PAGE 

3.0000 

15.H000 


H.0000 

15.1500 


5.0000 

H.8900 

REXT PAGE 

6 .0000 

15.2000 


7 .0000 

1-1.9700 


8 .0000 

H.9300 


9.0000 

H.6500 


10 .0000 

15.5-100 


11.0000 

H.9900 


IE .0000 

15.3900 


13.0000 

15.5800 


H .0000 

15.2200 


15.0000 

1-1.8300 


16 .0000 

H.7300 


17.0000 

H.7900 




RETURN 


PAGE 1 OF 1 


PflGlNG:<0> FIRST, FREYIOUS, < 2 > NEXT, <^> LAST 



Figure4-9. Excess NoiseRatio (ENR) Table 


1. Select the noise figure setup menu: 


NOTE 

The displayed ENR table 
will be the one currently 
loaded into memory. This 
is the table which will be 
used during the noise fig¬ 
ure measurement. 


Appl/NOISE FIGURE SETUP 

2. Select the ENR Table Operation menu and select DI SPLAY ENR Table. 
ENR TABLE OPERATION/ DISPLAY ENR TABLE 
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allows for direct comparisons of measurement results. The procedures are 
presented so that each measurement builds on the setup of the previous mea¬ 
surement. The three measurements that can be done for third, fifth, seventh, 
and ninth order IMD are: 

□ Two-Tone I MD Products 

□ SweptTwo-TonelMD Products 

□ Swept Two-Tone Third Order I ntercept (TOI) 

These three measurements are typically performed using two synthesizers 
and a spectrum analyzer. The typical Two-Tone I MD Products measurement 
is a CW-type measurement in which twoCW tones are combined and applied 
to the input of the DUT. The non-linear characteristics of the DUT generate 
the IM D products. The relative magnitude of the IM D products to the two 
tones defines the I MD distortion. 

The MS462XX provides a more powerful measurement capability by sweep¬ 
ing the two tones while maintaining the offset between the two tones. The re¬ 
sults displayed versus frequency provide more useful data regard! ng the IM D 
performance of the DUT. 

A swept two-tone IM D Products measurement performs this CW-type mea¬ 
surement within a frequency range and displays the results as IMD products 
versus frequency. 

A swept two-tone n-order intercept measurement performs the swept IM D 
Products measurement and displays the calculated intercept versus 
frequency. 

For more information, refer totheAnritsu Intermodulation Distortion (IMD) 
Application Note (Anritsu part number 11410-00213). 
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Two-TonelMD The following display shows a typical Two-Tone IMD Products measurement. 

Products For this measurement, the MS462XX measures 38 data points: 9 data points 

at each frequency of interest and 2 data points as start and stop frequencies. 
Straight-line segments connect the data groups. I n this way, all Two-Tone 
IM D Products measurements appear the same. 

This measurement shows the IM D Products for two output tones at -F5 dBm. 


INTERCEPT 1 500.000 000 MHz CH 

INPUT TONEI INTERMODULPTION 


LOG MPGNITUDE ► REF= 5.000 dBm 20.000 dB/DIU 



Figure4'10. Two-ToneThird Order I MD Products Example Display 


1. Ensure that the combining network (at least a resistive power divider) is 
available to connect the two sources on the front panel of the MS462XX. 
The combining network is attached following a receiver calibration. 



Figure4'll. SimpleCombining Network 


4-18 


MS462XXMG 














































































APPLICATIONS 


INTERMODULATION DISTORTION 


NOTE 

Specify the ENTRY 
STATE before selecting 
the next application. 
PREVIOUS configures 
the next application with 
the previous system set¬ 
tings. CURRENT uses 
the current system set¬ 
tings. 


NOTE 

Avoid specifying offsets 
that are multiples of 125 
kHz. These frequencies 
may create an image 
problem if the IMD prod¬ 
ucts to be observed are 
very small. Verify IMD 
products before mea¬ 
surements by connect¬ 
ing a thru between the 
combining network and 
Port 2. Changing the off¬ 
set frequency by as little 
as 1 kHz can improve the 
IMD performance. 


2. Press the AppI front panel key and select the menu soft keys as follows: 

CHANGE APPLICATION SETUP 
ENTRY STATE = CURRENT 
MEASUREMENT TYPE/IMD 

3. Configurethedisplay for theTwo-Tone IM D Products measurement. 

Ch 1 

Display/DISPLAY MODE/SINGLE CHANNEL 
Display/GRAPH TYPE/LOG MAGNITUDE 

4. Specify the frequency range and data points for the IM D measurements. 

Appl/SWEEP MODE = SOURCE 
IMD ORDER = 3 
Freq/C.W. MODE = OFF 
START = 1 GHz 
STOP = 2 GHz 

Config/DATA POINTS/51 MAX PTS 

5. Perform a Receiver Cal for Port 2. Connect a through line between Port 1 
and Port 2, including any attenuation that follows the DUT. This calibra¬ 
tion gives the MS462XX the ability to measure absolute power in dBm. 

Cal/PERFORM CAL/RECEIVER CAL 
BEGIN CAL 

The MS462XX proceeds with the calibration. 

EXIT 

Cal/APPLY CAL: RECEIVER CAL FOR PORT 2 = ON 

6. Connect the combi ni ng network between the two sources (Port 1 and Port 
3) on the front panel of the M S462XX. 

7. Configure the MS462XX for theTwo-Tone IMD Products measurement 

Appl/SWEEP MODE = CW RCVR 

8. Specify the CW Frequency for Tone 1. 

Freq/C.W. MODE = 1.5 GHz 

9. Specify the CW Frequency for Tone 2 by selecting an offset from Tone 1. 

Appl/TONE 2 OFFSET = 1.01 MHz 

10. Connect the DUT between the combining network and Port 2 of the 
MS462XX. 
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11. Specify the I.F. Bandwidth for the measurement. A selection of 10 Hz pro¬ 
vides maximum dynamic range. 

Avg/SELECT I.F. BANDWIDTH/I.F. BW 10 Hz 

12. Adjust the Scale of the display for the measurement. 

Display/SCALE 
RESOLUTION = 15dB/DIV 
REFERENCE VALUE = 0 dB 
REFERENCE LINE = 7 

13. Adjust Source 1 Power for 45 dBm at the output of the OUT. 

Power/SOURCE 1 SETUP 
SOURCE 1 POWER = -5.5 dBm 
RETURN 

14. Adjust Source 2 Power for 45 dBm at the output of the OUT. 

Power/SOURCE 2 SETUP 
SOURCE 1 POWER = -5.5 dBm 
RETURN 

For IM D orders equal to 5, 7, and 9, follow the above procedure choosing the 
higher appropriate IMD order in Step 4. The following figures present exam¬ 
ples of higher order IM D measurements. 

This completes the procedurefor performing a Two-Tone I MD Products mea¬ 
surement using the MS462XX. 


INTERCEPT 1 500.000 000 MHz CN 

INPUT TONEl INTERMODULHTION 


LOG MRQNITUDE ►REF= 5.000 dBn 20.000 dB/DIW 



Figure4^12. Two-ToneFifth Order I MD Products Example Display 
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INTERCEPT 1 500.000 000 MHz CM 

INPUT TONEl INTERNODULHTION 


LOG NRGNITUDE ►REP= 5.000 dBm 20.000 dB/DI^ 



Figure4^13. Two-Tone Se/aith Order IMD Products Example Display 


INTERCEPT 1 500.000 000 MHz CW 

INPUT TONEl INTERNODULHTION 


LOG NRGNITUDE ►REP= 5.000 dBm 20.000 dB/DIO 



Figure4^14. Two-ToneNinth Order IMD Products Example Display 
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Swept Two-Tone IMD The following display shows a typical Swept Two-Tone IM D Products mea- 
Products surement. A Swept Two-Tone IM D Products measurement performs the pre¬ 
vious CW-type measurement within a frequency range and displays the 
results as IM D products versus frequency. This measurement shows the third 
order IMD Products for two output tones at 4-5 dBm. Example displays of 
higher order IM D products follow this procedure. 


CHI i 

IMD PRODUCT 

IMD 3 

IMD 3 

CH3 i 

IMD PRODUCT 

LOG HAGHITUDE 



LOG MAGNITUDE 

► REF = 

-40.000 dBc 



► REF = 

-40.000 dBc 

5.000 dB/DIG 



5.000 dB/DIU 



Figure 4-15. SweptTwo-ToneThird Order IMD Products Example Display 


1. Specify the frequency range and data points for the IM D measurements. 


NOTE 

An IMD Cal allows input 
referred measurements. 
The source power 
should not be adjusted 
following an IMD Cal. 


Appl/SWEEP MODE = SOURCE 
Freq/C.W. MODE = OFF 
START = 1 GHz 
STOP = 2 GHz 

Config/DATA POINTS/51 MAX PTS 

2. Perform an IM D Cal. Connect a through I i ne between the combi ni ng net¬ 
work and Port 2, including any attenuation that follows the DUT. 

Cal/PERFORM CAL/IMD CAL 
Avg/SELECT I.F. BANDWIDTH/I.F. BW 100 Hz 
MEASURE DEVICE(S) 

The MS462XX proceeds with the IMD calibration. 

EXIT 

3. Connect the DUT between the combining network and Port 2 of the 
MS462XX. 
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4. Configure the 4-channel display for the Swept Two-ToneThird Order 
IM D Products measurement. 

Appl/IMD ORDER = 3 
Ch 1 

Display/GRAPH TYPE/LOG MAGNITUDE 
Appl/DISPLAY SELECTION 
THIRD ORDER INTERMODULATION = PRODUCT 
MEASURE RELATIVE TO = TONE 1 (UPPER PRODUCT) 

MEAS. REFERENCE = OUTPUT 

RETURN 

Ch 3 

Appl/IMD ORDER = 3 

Display/GRAPH TYPE/LOG MAGNITUDE 

Appl/DISPLAY SELECTION 

THIRD ORDER INTERMODULATION = PRODUCT 

MEASURE RELATIVE TO = TONE 2 (LOWER PRODUCT) 

MEAS. REFERENCE = OUTPUT 
RETURN 

Display/DISPLAY MODE/OVERLAY DUAL CHANNELS 1 & 3 


5. Adjust the scales for the displays. 


NOTE 


Ch 1 

Display/SCALE 
RESOLUTION = 1.0dB/DIV 


An Overlay Dual Chan¬ 
nels display allows view¬ 
ing of both upper and 
lower IMD products. 


REFERENCE VALUE = - 40 dBc 
REFERENCE LINE = 7 
Ch 3 

Display/SCALE 
RESOLUTION = 1.0dB/DIV 
REFERENCE VALUE = - 40 dBc 
REFERENCE LINE = 7 

6. For higher order IM D products, select: 

Appl/IMD ORDER = (5, 7, or 9) 

This completes the procedure for performing a Swept Two-Tone IM D Prod¬ 
ucts measurement using the MS462XX. 
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CHI : IMD PRODUCT 

IMD 5 

IMD 5 

CH3: 

IMD PRODUCT 

LOG HAGHITUDE 



LOG MAGNITUDE 

►REF= -60.000 dBc 



► REF = 

-60.000 dBc 

5.000 dB/Diy 



5.000 dB/DIU 



Figure4'16. SweptTwo-ToneFifth Order IMD Prcxiucts Example Display 


CHI : IMD PRODUCT 

IMD 7 

IMD 7 

CH3: 

IMD PRODUCT 

LOG MAGNITUDE 



LOG MAGNITUDE 

►REF= -80.000 dBc 



► REF = 

-80.000 dBc 

5.000 dB/DIU 



5.000 dB/DIU 



Figure4'17. SweptTwo-ToneSe/enth Order IMD Products Example Display 
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CHI : IMD PRODUCT 

IHD 9 

IMD 9 

CH3: 

IMD PRODUCT 

LOG HAGHITUDE 



LOG MAGNITUDE 

►REF= -90.000 dBc 



► REF = 

-90.000 dBc 

5.000 dB/Diy 



5.000 dB/DIU 



Figure 4'18. Swept Two-Tone Ninth Order IM D Products Example Display 
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Swept Two-Tone A Swept TwoTone I ntercept measurement performs the swept IM D Products 

Intercept measurement and displays the calculated intercept versus frequency. The fol¬ 
lowing display shows a typical Swept third order intercept (TOI) measure¬ 
ment.This measurement shows theTOI calculations for the two output tones 
at 5 dBm of the previous measurement. Similar calculations can be done for 
fifth, seventh, and ninth order intercepts. Example displays of higher order 
intercepts follow. 


CH2: INTERCEPT 

INI) 5 

HID 5 

CHd: 

INTERCEPT 

LOG HflGNITUDE 



LBG HOGNITJDE 

►REF= 25.000 dBm 



► REF = 

25.000 dBm 

5.000 dB/DIV 



5.000 dB/DIV 



Figure 4-19. SweptTwo-ToneThird Order Intercept Example Display 


NOTE 

The output TOI is calcu¬ 
lated as: 

3Pton E2- PlOWER IMD 

2 

or 

3Ptonei- Pupperimd 

2 

where the tone powers 
are in dBm. 


7. Configure the 4-channel display for the Swept Two-Tone IMD Products 
measurement. 

Display/DISPLAY MODE/FOUR CHANNELS 
Ch 2 

Display/GRAPH TYPE/LOG MAGNITUDE 
Appl/IMD ORDER = 3 
Appl/DISPLAY SELECTION 

THIRD ORDER INTERMODULATION = INTERCEPT 
MEASURE RELATIVE TO = TONE 1 (UPPER PRODUCT) 

MEAS. REFERENCE = OUTPUT 

RETURN 

Ch4 
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NOTE 

In general, the nth order 
intercept is calculated 
as: 

nPTOIME2- PlOWERIMD 

or 

nPrONEl- PuPPERIMD 

rTl 


NOTE 

An Overlay Dual Chan¬ 
nels display allows view¬ 
ing of both upper and 
lower calculated TOI. 


Display/GRAPH TYPE/LOG MAGNITUDE 
Appl/IMD ORDER = 3 
Appl/DISPLAY SELECTION 

THIRD ORDER INTERMODULATION = INTERCEPT 
MEASURE RELATIVE TO = TONE 2 (LOWER PRODUCT) 
MEAS. REFERENCE = OUTPUT 
RETURN 

Display/DISPLAY MODE/OVERLAY DUAL CHANNELS 2 & 4 

8. Adjust the scales for the displays. 

Ch2 

Display/SCALE 
RESOLUTION = 5.0 dB/DIV 
REFERENCE VALUE = 25 dB 
REFERENCE LINE = 4 
Ch4 

Display/SCALE 
RESOLUTION = 5.0 dB/DIV 
REFERENCE VALUE = 25 dB 
REFERENCE LINE = 4 

9. For higher order intercepts, select: 


Appl/IMD ORDER = (5, 7, or 9) 


This completes the procedure for performing a Swept Two-Tone TOI mea¬ 
surement using the MS462XX. 
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CH2: INTERCEPT 

IHD 5 

IMD 5 

CHH: 

INTERCEPT 

LOG MAGNITUDE 



LOG MAGNITUDE 

►REF= 20.000 dBm 



► REF = 

20.000 dBm 

5.000 dB/DIU 



5.000 dB/DIU 



Figure 4^20. SweptTwo-ToneFifth Order Intercept Example Display 


CH2 : 

INTERCEPT 

IMD 7 

IMD 7 

CHA: 

INTERCEPT 

LOG MAGNITUDE 



LOG MAGNITUDE 

► REF = 

15.000 dBm 



► REF = 

15.000 dBm 

5.000 dB/DIU 



5.000 dB/DIU 









1 : 

2 : 

CH2 Markers 
18.916 dB 
1 500.000 000 MHz 
18.880 dB 








3 : 

1 200.00 

1 800.00 

a 000 MHz 
8.931 dB 
a 000 MHz 


.2 










-- 











































1 : 

2 : 

1 500.00 

1 200.00 

8.195 dB 
a 000 MHz 
8.665 dB 
a 000 MHz 








3 : 

1 800.00 

8.295 dB 
a 000 MHz 


1 000.000 000 HHz Z 000.000 000 HHz 


Figure 4'21. Swept Two-Tone S&/enth Order Intercept Example Display 
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INTERMODULATION DISTORTION 


CH2: INTERCEPT 

IMD 9 

IMD 9 

CH^ : 

INTERCEPT 

LOG MAGNITUDE 



LOG MAGNITUDE 

►REF= 15.000 dBm 



► REF = 

15.000 dBm 

5.000 dB/DIU 



5.000 dB/DIU 



Figure4'22. Swept Two-Tone Ninth Order Intercept Example Display 


tnnz 

CHI; 


HL I 1Vt 
INTERCEPT 


CH2: PRODUCT 
CH3; INTERCEPT 
CH4\ PRODUCT 


LOO riHO IHD 3 ► REF= 0.000 OBm 

LOO MAG IMD 3 ► REF= -65.000 dBc 

LOO MAG IMD 3 ► REF= 0.000 OBm 

LOG MAG IMD 3 ► REF= -65.000 dBc 


10.000 dB/DIU 
10.000 dB.>DI0 
10.000 dB/DlO 
10.000 dB/DIO 



Figure 4'23. Upper and Lower Third Order IMD Products and Third Order I ntercepts Example Display Using Four 
Channel Overlay Display Mode 
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APPLICATIONS 



the same device under test (DUT). This approach aiiowsfor direct compari¬ 
sons of measurement resuits. The procedures are presented so that each mea¬ 
surement buiids on the setup of the previous measurement. The four 
measurements are: 

□ CW Scaiar Harmonic 

□ Swept Scaiar Harmonic 

□ Swept Vector Harmonic 

□ Swept Vector Harmonic Phase 

These measurements aretypicaiiy measured with a synthesizer and a spec¬ 
trum anaiyzer. The CW Scaiar H armonic measurement produces comparabie 
scaiar resuits to that of a synthesizer and a spectrum anaiyzer. The Swept 
Scaiar Harmonic provides a more comprehensive scaiar harmonic perfor¬ 
mance versus frequency capabi i ity. 

The Swept Vector Harmonic and the Swept Vector Harmonic Phase measure¬ 
ments provide a potentiaiiy more accurate, more integrated, and morefiexibie 
approach to measuring the DUT's harmonics using the MS462XX. 

Vector Harmonic measurements remove the effects of the source harmonics in 
reiativeiy iinear measurements, i n this way. Vector Harmonic measurements 
reveai more accurate harmonic measurements than the Scaiar Harmonic 
measurements. This Vector Harmonic measurement capabiiity is oniy avaii- 
abie for the 2"“ and 3^“ harmonics. 

For more information, refer totheAnritsu Harmonic Appiication Note 
(Anritsu part number 11410-00222). 
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CW Scalar Harmonic TheCW Scalar Harmonic measurement produces comparable scalar results 

to that of a synthesizer and a spectrum analyzer. The following display shows 
a typical CW Scalar Harmonic measurement. For this measurement, the 
MS462XX measures 9 data points in each area of interest until the har- 
monicor until the Stop Frequency selection. Straight-line segments connect 
the data groups. 

This measurement shows the harmonics for Source Power of -20 dBm applied 
to the DUT. 


HS21 TRANSMISSION I 500.000 000 MHz CW 

OUTPUT FUNDAMENTAL HARMONICS 


LOG MAGNITUDE ► REF= 0 .000 dBc 20.000 dB/DIV 



Figure4'24. CW Scalar Harmonic Example Display 


NOTE 

Specify the ENTRY 
STATE before selecting 
the next application. 
PREVIOUS configures 
the next application with 
the previous settings. 
CURRENT uses the cur¬ 
rent system settings. 


1. Press the AppI front panel key and select the menu soft keys as follows: 

CHANGE APPLICATION SETUP 
ENTRY STATE = CURRENT 
MEASUREMENT TYPE/HARMONIC 

2. Configurethedisplay for theCW Scalar Harmonic measurement. 

Ch 1 

Meas/S21 

Display/DISPLAY MODE/SINGLE CHANNEL 
Display/GRAPH TYPE/LOG MAGNITUDE 
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3. Specify the harmonic frequency range for the measurement. 

Appl/SWEEP MODE = SOURCE 
Freq/C.W. MODE = OFF 
START = 500 MHz 
STOP = 6 GHz 

Config/DATAPOINTS/201 MAX PTS 

4. Perform a Receiver Cal for Port 2. Connect a through line between Port 1 
and Port 2, including any attenuation that follows the DUT. This calibra¬ 
tion gives the MS462XX the ability to measure absolute power in dBm. 

Cal/RECEIVER SETUP/RECEIVER CAL 
BEGIN CAL 

The MS462XX proceeds with the calibration. 

RETURN 

5. P repare the MS462XX for theCW Harmonic measurement by specifying 
theCW frequency to apply to the input of the DUT. 

Appl/SWEEP MODE = CW RCVR 
Freq/C.W. MODE = 1.5 GHz 

6. Adjust Source 1 Power to -20 dBm (the desired level for input to the 
DUT). 

Power/SOURCE 1 SETUP 
SOURCE 1 POWER = 0 dBm 
PORT 1 ATTN = 2 

7. Connect the DUT between Port 1 and Port 2 of the M S462XX. 

8. Specify the I.F. Bandwidth for the measurement. A selection of 10 Hz pro¬ 
vides maximum dynamic range. 

Avg/SELECT I.F. BANDWIDTH/I.F. BW 10 Hz 

9. Adjust the Scale of the display for the measurement 

Display/SCALE 
RESOLUTION = 20 dB/DIV 
REFERENCE VALUE = 0 dB 
REFERENCE LINE = 7 

This completes the procedure for performing theCW Scalar Harmonic mea¬ 
surement using the MS462XX. 


4-32 


MS462XXMG 






APPLICATIONS 


HARMONICS 


Swept Scalar The following display shows a typical Swept Scalar Harmonic measurement. 
Harmonic The Swept Scalar Harmonic measurement produces comparable scalar re¬ 
sults to that of a synthesizer and a spectrum analyzer. The Swept Scalar Har¬ 
monic provides a more comprehensive scalar harmonic performance versus 
frequency capabi I ity. 

This measurement also shows the harmonics for Source Power of-20 dBm. 


HS21 TRANSMISSION 


OUT FUND. 


HARM0NIC=2 


LOO MAGNITUDE 


► REF= 0.000 dBc 


20.000 dB/DIU 






TRACE MATH APPLIED 

1 : 

-29.612 dB 
1 500.0061 000 MHz 








2 : 

-36.693 dB 
1 200.000 000 MHz 








3 : 

-35.559 dB 
1 800.000 000 MHz 















.n 

]. 






1 

_ 





1 























1 000.000 000 MHz 2 000.000 000 MHz 


HS21 TRANSMISSION 


OUT FUND. 


HAHM0NIC=3 


LOO MAGNITUDE 


► REF= 0.000 dBc 


20.000 dB/DIU 






TRACE MATH APPLIED 

1 : 

-413.277 dB 
1 500.000 000 MHz 








2 : 

-411.447 dB 
1 200.000 000 MHz 








3 : 

-41.166 dB 
1 800.000 000 MHz 






















2 


.. ? . 


3 

^ 























1 000.000 000 MHz 2 000.000 000 MHZ 


Figure4'25. Swept Scalar Harmonic Example Display 


1. Configure the 4-channel display to display the Swept Scalar Harmonic 
measurement for the 2"'‘ and harmonic using Dual Channel display. 
Also adjust the Scale of Ch 3 to correspond to the Scale of Ch 1. 


NOTE 

The Dual Channels dis¬ 
play mode allows simul¬ 
taneous viewing of both 
the second and third 
harmonics. 


Ch 3 

Meas/S21 

Display/GRAPH TYPE/LOG MAGNITUDE 

Display/DISPLAY MODE/DUAL CHANNELS 1 & 3 

Display/SCALE 

RESOLUTION = 20 dB/DIV 

REFERENCE VALUE = 0 dB 

REFERENCE LINE = 7 
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2 . Change the measurement configuration to perform Swept Scalar H ar- 
monic measurements. 

Appl/SWEEP MODE = SOURCE 
Freq/C.W. MODE = OFF 
START = 1 GHz 
STOP = 2 GHz 

Config/DATA POINTS/51 MAX PTS 

3. Use Trace Memory functions to show the difference between Harmonics 
(1 - 2) and between Harmonics (1 - 3). This process is required when per¬ 
forming Scalar measurements. 

Oh 1 

Appl/HARMONIC SETUP/HARMONIC = 1 
Display/TRACE MEMORY/STORE DATA TO MEMORY 
VIEW DATA(/) MEMORY 
Appl/HARMONIC SETUP/HARMONIC = 2 
Oh 3 

Appl/HARMONIC SETUP/HARMONIC = 1 
Display/TRACE MEMORY/STORE DATA TO MEMORY 
VIEW DATA(/) MEMORY 
Appl/HARMONIC SETUP/HARMONIC = 3 

This completes the procedurefor performing the Swept Scalar Harmonic 
measurement using the MS462XX. 
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Vector Harmonic 
Measurement Display 
Options 


The following diagram shows therelationship between the vector harmonic 
output result formats. 


INPUT SPECTRUM 


OUTPUT SPECTRUM 



Figure4'26. Vector Harmonic Measurement Display Options 


These measurement results are only available when an enhancement calibra¬ 
tion has been performed. 

For Second Harmonic Measurements: 

□ Source Harmonic =B / D 

□ Source Fundamental = B / C 

□ Output Fundamental = B / A 
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Swept Vector Swept Vector Harmonic measurement provides a potentially more accurate, 
Harmonic more integrated, and more flexible approach to measuring the DUT harmon¬ 
ics using the MS462XX. Vector Harmonic measurements remove the effects of 
the source harmonics in relatively linear measurements. I n this way. Vector 
Harmonic measurements reveal more accurate harmonic measurements than 
the Scalar Harmonic measurements. This Vector Harmonic measurement ca¬ 
pability is only aval I able for the 2''“ and 3'" harmonics. The following display 
shows a typical Swept Vector Harmonic measurement. 


HS21 TRANSMISSION OUT FUND. HARM0NIC=2 



1 000.000 000 MHz 

HS21 TRANSMISSION OUT FUND. 

LOO MAGNITUDE ► REF= 0.000 dBc 


2 000.000 000 MHz 
HARM0NIC=3 
20.000 dB/DIU 



Figure4'27. Swept Vector Harmonic Example Display 


This measurement also shows the harmonics for Source Power of -20 dBm. 

1. This measurement requires an Enhancement Cal. Connect a through line 
between Port 1 and Port 2, excluding any attenuation that follows the 
DUT. 

Cal/SOURCE 1 SETUP 
SOURCE 1 POWER = 0 dBm 
PORT 1 ATTN = 0 (0 dB) 

RETURN 
CALIBRATE 
ENHANCEMENT CAL 

Avg/SELECT I.F. BANDWIDTH/I.F. BW 100 Hz 
MEASURE DEVICE(S) 
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2 . TheMS462XX prcxeeds with the calibration. Follow the directions for 
connecting calibration devices. 


EXIT 


NOTE 

This calibration is strongly 
dependent on source power 
(since the source harmonics 
that are being removed are a 
strong function of source 
power). Once the Enhance¬ 
ment Cal is performed, the 
Source Power should not ^ 
change. It is acceptable to 
increase or decrease the 
Source Step Attenuator or 
add external pads since 
these steps do not affect 
source harmonics. 


Adjust Source 1 Power to -20 dBm (the desired level for input to the 
DUT). 

Power/SOURCE 1 SETUP 
SOURCE 1 POWER = 0 dBm 
PORT 1 ATTN = 2 

Connect the DUT between Port 1 and Port 2 of the MS462XX. If required, 
add external pads following the DUT to avoid compressing the MS462XX 
receiver. 

Specify the I .F. Bandwidth for the measurement. A selection of 10 FIz pro¬ 
vides maximum dynamic range. 

Avg/SELECT I.F. BANDWIDTH/I.F. BW 10 Hz 

Configure the display for the Swept Vector Harmonic Phase measure¬ 
ment. This vector approach does not require Trace Match function to view 
the relative measurement. 


Oh 1 

Appl/HARMONIC SETUP/HARMONIC = 2 

DISPLAY OUTPUT RELATIVE TO: OUTPUT FUNDAMENTAL 

Oh 3 

Appl/HARMONIC SETUP/HARMONIC = 3 

DISPLAY OUTPUT RELATIVE TO: OUTPUT FUNDAMENTAL 


This completes the procedurefor performing the Swept Vector Harmonic 
measurement using the MS462XX. 
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Swept Vector The Swept Vector Harmonic Phase measurement builds on the previous 
Harmonic Phase Swept Vector Harmonic measurement by also measuring harmonic phase rel¬ 
ative to the source harmonic 

This measurement requires a separate phase calibration with a Harmonic 
Phase Standard (Anritsu part number 37SF50). Following calibration with 
this standard, the MS462XX calculates the absolute source harmonic phase 
and the relative 2"*^ and 3"^ harmonic phases. The following display shows a 
typical Swept Vector Harmonic Phase measurement. 

This measurement shows the Swept Vector H armonic Phase measurement of 
the 2"*^ harmonic for Source Power of - 20 dBm. 


HS21 TRANSMISSION OUT FUND. HARN0NIC=2 

LOO MAONITUDE ► REF= 0.000 dBc 20.000 dB/DIU 



HS21 TRANSMISSION OUT FUND. HARM0NIC=2 

PHASE ► REF= 0.00^ 45.00^/DIU 



Figure4'28. Swept Vector Harmonic (=2) Phase Example Display 


1. This measurement requires a Phase Cal. Connect the Harmonic Phase 
Standard between Port 1 and Port 2, excluding any attenuation that fol¬ 
lows the DUT. 

Cal/SOURCE 1 SETUP 
SOURCE 1 POWER = 0 dBm 
PORT 1 ATTN = 0 (0 dB) 

RETURN 
CALIBRATE 
PHASE CAL 

Avg/SELECT I.F. BANDWIDTH/I.F. BW 100 Hz 
MEASURE DEVICE(S) 
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NOTE 

This calibration is 
strongly dependent on 
source power (since the 
source harmonics that 
are being removed are a 
strong function of source 
power). Once the En¬ 
hancement Cal is per¬ 
formed, the Source 
Power should not 
change. It is acceptable 
to increase or decrease 
the Source Step Attenu¬ 
ator or add external pads 
since these steps do not 
affect source harmonics. 


The MS462XX proceeds with the calibration. 

NEXT CAL STEP 
EXIT 

2. Adjust Source 1 Power to -20 dBm (the desired level for input to the 
CUT). 

Power/SOURCE 1 SETUP 
SOURCE 1 POWER = 0 dBm 
PORT 1 ATTN = 2 

3. Connect the DUT between Port 1 and Port 2 of the MS462XX. If required, 
add external pads following the DUT to avoid compressing the MS462XX 
receiver. 

4. Specify the I .F. Bandwidth for the measurement. A selection of 10 Hz pro¬ 
vides maximum dynamic range. 

Avg/SELECT I.F. BANDWIDTH/I.F. BW 10 Hz 

5. Configure the display for the Swept Vector Harmonic Phase measure¬ 
ment. This vector approach does not require Trace Match function to view 
the relative measurement. 


Oh 3 

Display/GRAPH TYPE/PHASE 

6. Configure the display to display the 2"“' and 3'“' harmonic. 

Oh 1 

Appl/HARMONIC SETUP/HARMONIC = 2 

DISPLAY OUTPUT RELATIVE TO: OUTPUT FUNDAMENTAL 

Oh 3 

Appl/HARMONIC SETUP/HARMONIC = 2 

DISPLAY OUTPUT RELATIVE TO: OUTPUT FUNDAMENTAL 

7. The following keystrokes modify the display for the Swept Vector Har¬ 
monic Phase measurement of the 3''‘ harmonic. 


Oh 1 

Appl/HARMONIC SETUP/HARMONIC = 3 
Oh 3 

Appl/HARMONIC SETUP/HARMONIC = 3 
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The following display shows the Swept Vector Harmonic Phase measurement 
for the 3'“ harmonic. 


HS21 TRANSMISSION OUT FUND. HARMONICAS 

LOO MAGNITUDE ► REF= 0.000 dBc 20.000 dB/DIU 



HS21 TRANSMISSION OUT FUND. HAHM0NIC=3 

PHASE ► REF= 0.00° d5.00°/DIU 



Figure4'29. Swgat Vector Harmonic (=3) Phase Example Display 


This completes the procedurefor performing the Swept Vector Harmonic 
Phase measurement using the MS462XX. 
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4-5 SPGC 

Standard Feature 


The following display shows a typical Swept Power Gain Compression 
(SPGC) measurement of an amplifier. 


b2/l SWEPT PUR GAIN COUP 

POUER OUT KREE=-5.000 dBm 10.000 dB/DIU 



S21 TRANSMISSION SWEPT PUR GAIN COMR 

LOG MAGNITUDE KREE= 0.000 dB 0.500 dB/DIU 






TRACE NATH APPLIED 























2 






























2 

























-25.00 dBm 3 500.000 000 MMz CU -5.00 dBm 


SEflRCH 

►VALUE 

-1.000 dB 

SETUP SEARCH 

VALUE AT REFERENCE 
-0.093 dB 

SEARCH LEFT 

-11 .92 dBm 

SEARCH RIGHT 

SEARCH HRKR VALUES 
CHI i 11.923 dBm 

CH2 : 

CH3: -1 .093 dB 

CHA I 


MARKER READOUT 
FUNCTIONS 


Figure 4^30. SwgDt Power Gain Compression Example Display 


NOTE 

Specify the ENTRY 
STATE before selecting 
the next application. 
PREVIOUS configures 
the next application with 
the previous system set¬ 
tings. CURRENT uses 
the current system set¬ 
tings. 

The 0.1 dB compression 
point at Port 2 is +10 
dBm 


1. Press the AppI front panel key and select the menu soft keys as follows: 

CHANGE APPLICATION SETUP 
ENTRY STATE: PREVIOUS 

MEASUREMENT TYPE/TRANSMISSION AND REFLECTION/SWEPT 
POWER GAIN COMPRESSION 

SET FREQUENCIES 

CLEAR ALL FREQUENCIES 

2. Repeat the fol low!ng steps for 500,1000,1500, 2000, 2500, 3000, 3500, 
4000, 4500, and 5000 MHz. 

NEXT FREQUENCY = 500 MHz 
INSERT NEXT FREQUENCY 
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3. Set up the power ranges to sweep each of these frequencies. 

RETURN 

SET ATTENUATION/PORT 1 ATTN = 1 (*10 dB) 

RETURN 
SET POWER 
P START = -25 dBm 
P STOP = -5 dBm 
P SET = -25 dBm 

4. Perform the necessary calibrations. 

Cal 

5. (optional) Perform a linear power calibration using a power meter. 

LINEAR POWER 

6. (optional) Follow directions on the display to set up for Linear Power Cali¬ 
bration and press: 

BEGIN CAL 

7. (optional) Following the BEGIN CAL selection, the MS462XX proceeds 
with the Linear Power Calibration with the Power Meter. Press: 

RETURN 

8. Perform the receiver calibration, include any pads following the AUT. 

CALIBRATE RECEIVER 

9. Connect a throughline between the test ports and wait for a complete 
sweep, then press: 

STCRE 

10. Connect the amplifier between the test ports and wait for a complete 
sweep, then press: 

NCRMALIZE S21 

11. Perform the SPGC measurement for a single frequency. 

Appl/TEST AUT 

SWEPT PGWER FRECUENCY = 3.5 GHz 
Marker/READGUT MARKER 
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The following display shows a typical Multiple Frequency Gain Compression 
(MFGC) measurement of an amplifier. 


MULTIPLE FREQUEHCV GAIN COMPRESSION POINT 


SMEPT POWER FREQUENCIES 


500 .000000 


1 .50 

2.00 

2.50 
3.00 

3.50 
^ .00 

5 , 


MHz 

GHz 

GHz 

GHz 

GHz 

GHz 

GHz 

GHz 

GHz 

GHz 


POWER IN 

-11.63 dBm 
-11 .5H dBm 
-11.93 dBm 
-11.92 dBm 
-12.08 dBm 
-12.3H dBm 
-11 .BH dBm 
-11.16 dBm 
-10.57 dBm 
-9.50 dBm 


dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 



FREQUENCY NUMBER 


MULTIPLE FREOUENCV 
GAIN COMPRESSION 


TEMT DATA 
TO HARD DISK 


TENT DATA 
TO FLOPPY DISK 


RETURN TO 
T/R MODE 


Figure4'31. Typical MultipleFrequency Gain Compression Measurement 


12. Perform the Multiple Frequency Gain Compression measurement. 

Appl/MULTIPLE FREQ GAIN COMPRESSION /TEST AUT 

13. Return to Transmission/Reflection by selecting: 

RETURN TO T/R MODE 


This completes the procedure for performing a Swept Power Gain Compres¬ 
sion measurement of an amplifier using the MS462XX. 
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4-6 SFGC 

Standard Feature 


The following display shows a typical Swept Frequency Gain Compression 
(SFGC) measurement of an amplifier. 


b2/l SWEPT FREQ GRIN COMP 

POWER OUT ►REE=0.000 dBm 10.000 dB/DIU 





TRACE NATH APPLIED = 










. ^ . 
































500.000 000 MHS 


5 

000.000 000 NMz 

S21 TRANSNISSION 

LOG MAGNITUDE 

► REF= 0.000 dB 

SWEPT 

FREQ GAIN CONP 
0.500 dB/DIU 





TRACE NATH APPLIED = 





































500.000 000 mz 5 000.000 000 


ALL DISPLAYED 
CHANNELS 

ACTIYE MARKER 
1 


MARKER TO PEAK 
CH 1 - Sll , USER 
3.2A5000000 GHz 
11.786 dBm 

CH 2 - S12 


►CH 3 - S21 

3.2A5000000 GHz 
-1.031 dB 


CH A - SEE 


MARKER READOUT 
FUNCTIONS 


Figure4'32. Swept Frequency Gain Compression Example Display 

1. Press the AppI front panel key and select the menu soft keys as follows: 


NOTE 

Specify the ENTRY 
STATE before selecting 
the next application. 
PREVIOUS configures 
the next application with 
the previous system set¬ 
tings. CURRENT uses 
the current system set¬ 
tings. 


CHANGE APPLICATION SETUP 
ENTRY STATE: PREVIOUS 
MEASUREMENT TYPE 
TRANSMISSION AND REFLECTION 
SWEPT FREQUENCY GAIN COMPRESSION 

2. Press the Freq front panel key. 

3. Specify the Start F requency: 

START = 500 MHz 

4. Specify the Stop F requency: 

STOP =5000 MHz 

5. Proceed to perform calibrations. 


Cal 

6. (optional) Perform a calibration for flatness using a power meter. 


CALIBRATE FOR FLATNESS 
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1 . (optional) Follow the direct ions on the display to set upfor Linear Power 
Calibration. 


8. (optional) Specify the number of power calibration points: 

MEASURE 1 PWR POINT EVERY 1 POINT(S) 

9. (optional) Specify the calibration power level near compression: 

Power Target = 0 dBm 
BEGIN CAL 

10. (optional) Following the BEGIN CAL selection, the MS462XX proceeds 
with the Linear Power Calibration with the Power Meter. Press: 

RETURN 

11. Perform a receiver calibration, including any pads following the AUT. 

Power/SOURCE 1 SETUP 
SOURCE 1 POWER = 0 dBm 
PORT1 ATTN = 0(*10dB) 

CALIBRATE RECEIVER 

12. Connect a throughline between the test ports and wait for a complete 
sweep, then press: 

STORE 

13. Select a Source 1 power within the linear rangeof the AUT and perform a 
Normalize Calibration. 


NOTE 

The 0.1 dB compression 
point at Port 2 is +10 
dBm. 


Power/SOURCE 1 SETUP 
SOURCE 1 POWER = 0 dBm 
PORT1 ATTN = 1 (*10dB) 

14. Connect amplifier between the test ports and wait for a complete sweep, 
then press: 

NORMALIZE S21 

15. Perform the SFGC measurement. 

Appl/TEST AUT 

16. Using the front panel knob, adjust SOURCE 1 POWER until the S21 
TRANSMISSION display shows compression. Compression is indicated 
when the data approaches the limit line. The limit line indicates the com¬ 
pression point. 


17. Return to Transmission/Reflection by selecting: 

RETURN TO T/R MODE 

This completes the procedure for performing a Swept Frequency Gain Com¬ 
pression measurement of an amplifier using the MS462XX. 
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4-7 TIME DOMAIN 

Option 2 


The following display shows a typical time domain measurement. 


Sll REFLECTION TRRNSMISSI ON/REFLECT I ON 

LOG MflONITODE ►REF=0.000 dB 10.000 dB/DIV 



CH 1 - Sll 
REFERENCE PLANE 
0.0000 mm 


►MRRKER 1 

1.7613 cm 
H2.336 dB 

MARKER READOUT 
FUNCTIONS 

MARKER TO PEAK 


Z 1 .3B3A m 
-25.626 dB 


3 2.7627 m 

-3.101 dB 


RETURN 


Figure4'33. TimeDomain Measurement ExampleDisplay 


1. Press the Cal front panel key and select the menu soft keys as follows: 

PERFORM CAL 2 PORT CHANGE CAL METHOD AND LINE 
TYPE/STANDARD 

NEXT CAL STEP 

NEXT CAL STEP 

FULL 12-TERM 

EXCLUDE ISOLATION 

TIME DOMAIN (HARMONIC) 

2. Specify the Start F requency: 

START (STEP) = 10 MHz 

3. Specify the Stop Frequency: 

APPROXIMATE STOP = 6 GHz 
NEXT CAL STEP 
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4. Specify the Port 1 Connector: 

PORT 1 CONN = TYPE N (F) 

5. Specify the Port 2 Connector: 

PORT 2 CONN = TYPE N (M) 

6. Specify the Test Signal Power Levels: 


TEST SIGNALS/SOURCE 1 POWER = +7 dB 
RESUME CAL 
START CAL 

7. Follow the directions for connecting calibration devices, then press: 

Save/Recall/SAVE/FRONT PANEL SETUP AND CAL DATA ON HARD 
DISK/CREATE NEW FILE 

8. Specify a name using the front panel knob. When complete, select DONE, 
then press: 


NOTE 

Specify the ENTRY 
STATE before selecting 
the next application. 
PREVIOUS configures 
the next application with 
the previous system set¬ 
tings. CURRENT uses 
the current system set¬ 
tings. 


Appl/CHANGE APPLICATION SETUP 
ENTRY STATE: PREVIOUS 

MEASUREMENT TYPE/TRANSMISSION AND REFLECTION/DOMAIN 

9. Specify the Domain AppI: 

SELECT DOMAIN = TIME, LOWPASS 

10. Specify the Display format: 

DISPLAY = DISTANCE 

Display/DISPLAY MODE/SINGLE CHANNEL 

Oh 1 

Meas/S11, REFL 

Display/GRAPH TYPE/LOG MAGNITUDE 
Appl/DOMAIN/SETUP/RANGE SETUP 

11. Specify the Start distance: 


START = -5 cm 

12. Specify the Stop distance: 


STOP = 4 m 

13. Specify the Response: 


RESPONSE = IMPULSE 

14. Perform the measurement by connecting the DUT to Port 1 and using 
markers to locate discontinuities. 


This completes the procedure for performing a time domain measurement us¬ 
ing the MS462XX. 
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More straightforward mixer measurements are possible because the 
MS462XX includes a selection for device type. This selection is available after 
the Appl/CHANGE APPLICATION SETUP keystrokes. For a selection of Device 
Type = M ixer, the MS462XX simplifies the setup for the selected measure¬ 
ment by: 

□ allowing the quick selection of which source is to be the DUT LO, 

□ allowing simple selection of a fixed LO or fixed IF measurement 
scenario (and specifying that LO or IF frequency), and 

□ informing the receiver of what kind of DUT conversion to expect 
(up conversion | RF-H_0| , down conversion | RF-LO| , or no con¬ 
version as might be used for a quick leakage measurement). 

Activating the M ixer device type also performs the important function of 
turning on both internal sources for front panel access (usually using ports 1 
and 3 driving, port 2 being the receive port). Two ports are not allowed to 
drive simultaneously during normal S-parameter measurements. 

This section contains discussions, examples, and procedures related to the fol¬ 
lowing applications: 

□ Mixer Conversion Loss 

□ Mixer Noise Figure 

□ Mixer IMD 

□ Frequency Translated Group Delay (FTGD) 

Each application discussion shows a typical measurement result. The proce¬ 
dures document the steps used to achieve this typical measurement result. 

Once a typical measurement is mastered, explore the different measurement 
configurations for each application to become each application's powerful 
capabilities. 


MIXER 

MEASUREMENTS 

Standard Feature 


The MS462XX organizes measurement capabilities into applications accessi¬ 
ble from the applications key (AppI) on the front panel of the system. This 
measurement organization allows for straightforward and intuitive measure¬ 
ment operation and a convenient method for switching between different 
measurement applications. 
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Mixer Conversion This section contains two typical mixer conversion loss measurements. These 

Loss measurements are performed on the same DUT so that comparisons are pos¬ 

sible. Each subsequent measurement builds on the setup of the previous 
measurement. 

□ Mixer Conversion Loss, Fixed LO 

□ Mixer Conversion Loss, Fixed IF 

More straightforward mixer measurements are possible because the 
MS462XX includes a selection for device type. For a selection of Device Type = 
Mixer, the MS462XX simplifies the setup for the selected measurement by: 

□ allowing the quick selection of which source is to be the DUT LO, 

□ allowing simple selection of a fixed LO or fixed IF measurement 
scenario (and specifying that LO or IF frequency), and 

□ informing the receiver of what kind of DUT conversion to expect 
(up conversion | RF-H_0 | down conversion | RF-LO | , or no con¬ 
version as might be used for a quick leakage measurement). 

Activating the M ixer device type also performs the important function of 
turning on both internal sources for front panel access (usually using ports 1 
and 3 driving, port 2 being the receive port). Two ports are not allowed to 
drive simultaneously during normal S-parameter measurements. 

The measurement itself is quite straightforward, as it is just a simpleT/R 
non-ratioed analysis. It is important to remember that since the RF and IF 
frequencies are unequal in up or down conversion, there is no reference signal 
available. As a result, the only display parameters that are normally used in 
a conversion loss measurement are the test channel values bjl. 

I f an external Anritsu 68XXX or 69XXX source is to be used as the LO, then 
theGPIB cable from the source must be connected to the dedicated GPIB port 
of MS462XX prior to applying power to the MS462XX. Refer to Figure 4- for a 
sample connection diagram. 
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Instrument Setup for External Synthesizer Supplied LO 

Once both instruments are powered on, use the foil owing procedure to verify 
that the GPIB address for the synthesizer is set correctly. 


To Dedicated 
GPIB Connector 



\ 


LPF 

\ 




69B Series Synthesizer 


Figure4^34. MS462XX and 68XXX / 69XXX Connection Diagram 

1. Press the Utility front panel key and select the menu soft keys as follows to 
prepare the M S462XX for the measurement: 

REMOTE INTERFACE 

GPIB SETUP 

EXTERNAL SOURCE 3 = 9 

2. On the 68XXX/69XXX press the System front panel key 

CONFIG 

GPIB 

GPIB ADDRESS = 9 (Adrs/ns/Hz) 

GPIB ADDRESS 

3. Connect the 10 M H z reference from the synthesizer to the M S462XX and 
transfer the reference frequency for the MS462XX from I nternal to Exter¬ 
nal by selecting the following menu keys: 

Utility/REAR PANEL/REFERENCE FREQUENCY = EXTERNAL 


This completes the setup of an external 68XXX/69XXX source for use with as 
an LO drive. 
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Mixer Conversion Loss, Fixed LO 

The device to detested has a fixed LO (at +7 dBm) of 3000 MHz and an RF 
range (at -10 dBm) of 3200 to 3800 MHz. The conversion loss in the IF range 
of 200 to 800 M H z wi 11 be measured. I nternal Source 1 provides the RF signal 
and I nternal Source 2 provides the LO for the mixer DDT. 

The following display shows a typical Mixer Conversion Loss, Fixed LO mea¬ 
surement. 


b2/l TRHNSHISSION/REFLECTIQN 

LOG MflCHITUDE ► REF= 0 .000 dB 5.000 dB/DIV 



Figure 4-35. Mixer Conversion Loss, Fixed LO Example Display 
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Figure4-36. Mixer Conversion Loss, Fixed LO 


NOTE 

CAL must be OFF to use 
ratio measurements. 


NOTE 

By selecting Receiver 
Conversion = None, the 
receiver will track the 
source, which is neces¬ 
sary for proper calibra¬ 
tions. Essentially the unit 
will perform as if it were 
in Device Type = Stan¬ 
dard. 


1. Press the AppI front panel key and select the menu soft keys as follows to 
prepare the M S462XX for the measurement: 

CHANGE APPLICATION SETUP 
DEVICE TYPE = MIXER 
ENTRY STATE = CURRENT 

MEASUREMENT TYPE/TRANSMISSION AND REFLECTION 

2. Press the AppI front panel key and select: 

LO/RECEIVER SETUP 
RCVR CONVERSION=NONE 
Ch 3 

Meas/USER DEFINED/CHANGE RATIO 

b2/1 

USER 1 

Display/DISPLAY MODE/SINGLE CHANNEL 
Display/GRAPH TYPE/LOG MAGNITUDE 

3. Connect a through line between Port 1 and Port 2 of the MS462XX, in¬ 
cluding any attenuation following the DUT. 
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NOTE 

Be careful in the select¬ 
ing the LO OFFSET 
FROM RF. The -500 
MHz selection sets the 
LO range as 2700 to 
3300 MHz. On the other 
hand, a +500 MHz selec¬ 
tion would set the LO 
range as 3700 to 4300 
MHz. Both of these fre¬ 
quency ranges produce 
the fixed IF of 500 MHz 
so careful selection of 
this setting ensures ac¬ 
curate measurements. 
The frequency display 
on the screen is still the 
RF frequency applied to 
the mixer DUT. 


NOTE 

This setup screen is a 
way to avoid using Multi¬ 
ple Source Control by 
simplifying some of the 
choices. The types of 
conversions are limited 
to Fixed LO and Fixed IF. 
Use Multiple Source 
Control if a more compli¬ 
cated frequency plan for 
the DUT is needed. 


4. Perform a Receiver Cal over the entire frequency range of the system to 
correct for receiver slope between RF and IF frequencies. 

Freq 

START= 10 MHz 
STOP = 6000 MHz 
Config/DATAPOINTS/401 MAX PTS 
Avg/SELECT I.F. BANDWIDTH/I.F. BW 1 kHz 
Power/RECEIVER CAL/RECEIVER CAL 
BEGIN CAL 

5. The MS462XX proceeds with the Receiver Cal. 

RETURN 

6. Specify the RF frequency range and data poi nts for the measurement. 

Freq 

START= 3200 MHz 
STOP = 3800 MHz 
Config/DATA POINTS/51 MAX PTS 

7. With the through line still connected, adjust Source 1 (RF applied to 
mixer DUT) to -10 dBm and use Trace M emory to save data to memory 
and to display data divided by memory. This has established the RF 
power level so that the display in later steps will beof direct conversion 
loss. 

Power/SOURCE 1 SETUP 
SOURCE 1 POWER = -10 dBm 
PORT 1 ATTN = 0 (0 dB) 

Display/TRACE MEMORY 
STORE DATA TO MEMORY 
DATA(/) MEMORY 

8. Configure the MS462XX for a mixer measurement by pressing the AppI 
front panel key and select the menu soft keys as follows: 

CHANGE APPLICATION SETUP 

9. Proceed with LO / Receiver setup by selecting the AppI front panel key 
and select the menu soft keys as follows: 

LO/RECEIVER SETUP 
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10. Select either the internal second source (LO IS SOURCE=2) or an exter¬ 
nal Anritsu 68XXX or 69XXX synthesizer (LO IS SOURCE=3). 

LO IS SOURCE = 2 or LO IS SOURCE = 3 

LO CW MODE = ON 

LO CW FREQUENCY = 3 GHz 

RCVR CONVERSION/DOWN 

RETURN 


11. Adjust Source Power to +7 dBm as is required for this DUT. 


NOTE 


Power/SOURCE 2 (or 3) SETUP 
SOURCE 2 (or 3) POWER = 7 dBm 
PORT 3 ATTN = 0 (0 dB) 


The frequency display 
on the screen is the RF 
frequency applied to the 
mixer DUT. 


12. Connect the mixer DUT with the IF at Port 2, the RF at Port 1, and the 
LO at Port 3, or to the external synthesizer. 

13. Adjust the Scale of the display for the measurement 

Display/SCALE 
RESOLUTION = 5 dB/DIV 
REFERENCE VALUE = 0 dB 
REFERENCE LINE = 4 

This completes the procedurefor performing the Mixer Conversion Loss, 
Fixed LO measurement using the MS462XX. 
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Mixer Conversion Loss, Fixed IF 

The device to detested has a fixed IF of 500 MHz and a RF range (at -10 
dBm) of 3200 to 3800 MHz. The LO range (at +7 dBm) is set as a fixed offset 
(-500 MHz) from the RF or 2700 to 3300 MHz. The conversion loss for this 
fixed IF frequency will be measured. I nternal Source 1 provides the RF signal 
and I nternal Source 2 provides the LO for the mixer DDT. 

The following display shows a typical Mixer Conversion Loss, Fixed IF mea¬ 
surement. 


b2/i trunshission/reflection 


LOC HfiCNITUDE ►REE= 0.000 dB 5.000 dB/DIU 



Figure4-37. Mixer Conversion Loss, Fixed IF Example Display 


NOTE 

When selecting the LO 
OFFSET FROM RF, the 
-500 MHz selection sets 
the LO range to 2700 to 
3300 MHz. A +500 MHz 
selection sets the LO 
range to 3700 to 4300 
MHz. Both of these fre¬ 
quency ranges produce 
the fixed IF of 500 MHz 
so careful selection of 
this setting ensures ac¬ 
curate measurements. 


1. Proceed with LO / Receiver setup by selecting the AppI front panel key 
and select the menu soft keys as follows: 

LO / RECEIVER SETUP 

2. Select either the internal second source (LO IS SOURCE=2) or an exter¬ 
nal Anritsu 68XXX or 69XXX synthesizer (LO IS SOURCE=3). 

LO IS SOURCE = 2 or LO IS SOURCE = 3 

LO CW MODE = OFF 
LO OFFSET FROM RF = -500 MHz 
RCVR CONVERSION/DOWN 
RETURN 
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3. The previously stored Trace Memory (steps 6 & 7) is the same since it is 
again the reference RF power that must be known for computing the con¬ 
version loss. Repeat steps 6 and 7 if changing the RF frequency range or 
RF power. The display shows the results of the fixed IF measurement. 

This completes the procedurefor performing the Mixer Conversion Loss, 
Fixed IF measurement using the MS462XX. 
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Mixer Noise Figure 

Option 4X: 

50 MHz to 3 GHz 
50 MHz to 6 GHz 


Thissection contains two typical mixer noise figure measurements. These 
measurements are performed on the same DUT so that comparisons are pos¬ 
sible. Each subsequent measurement builds on the setup of the previous 
measurement. 

□ Mixer Scalar Noise Figure, Fixed LO 

□ Mixer Scalar Noise Figure, Fixed IF 

More straightforward mixer measurements are possible because the 
MS462XX includes a selection for device type. For a selection of Device 
Type=Mixer, the MS462XX simplifies the setup for the selected measurement 
by: 


□ allowing the quick selection of which source is to be the DUT LO, 

□ allowing simple selection of a fixed LO or fixed IF measurement 
scenario (and specifying that LO or IF frequency), and 

□ informing the receiver of what kind of DUT conversion to expect 
(up conversion | RF-H_0| , down conversion | RF-LO| , or no con¬ 
version as might be used for a quick leakage measurement). 

The following three assumptions are made regarding mixer noise figure mea¬ 
surements using the MS462XX: 

□ The IF of the mixer DUT will be connected to Port 2 of the 
MS462XX and the IF will have a frequency range within the 
present system limits of 50 and 3000 MHz. 

□ The LO of the mixer DUT should be supplied by the optional 
Source 2. Source 1 cannot be used during mixer noise figure mea¬ 
surements. 

□ The frequency conversion in the mixer DUT cannot link to a 
12-term calibration so mixer noise figure measurements are lim¬ 
ited to the scalar approach. 

The following measurements are performed externally; however, internal 
routing is permitted. I n addition, wideband noise figure measurements are 
performed, but narrowband is also permitted. 
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Mixer Noise Figure, Fixed LO 

The device to be tested has a fixed LO (at +7 dBm) of 700 MHz and a RF 
range of 920 to 1000 MHz. The noise figure i n the IF range of 220 to 300 MHz 
will be measured. There is a low pass filter following the mixer DUT with a 
cutoff frequency of 550 MHz. The noise source provides the RF and I nternal 
Source 2 provides the LO for the mixer DUT. 

The following display shows a typical Mixer Noise Figure, Fixed LO measure¬ 
ment. 


NOISE FIGURE 


IJB NOISE FIOURE NERS 


LOG MflOHITUDE ►REF= 0.000 dO 5.000 dB/DIV 



Figure 4^38. Mixer Noise Figure Fixed LO Example Display 
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Figure4'39. Mixer NoiseFigurq Fixed LO 


NOTE 

The MS462XX may dis¬ 
play a “RECEIVER 
FREQ OUT OF H/W 
RANGE.” This error con¬ 
dition subsides when the 
correct frequencies are 
specified for the mea¬ 
surement. 


1. Press the AppI front panel key and select the menu soft keys as follows to 
prepare the M S462XX for the measurement: 

CHANGE APPLICATION SETUP 
DEVICE TYPE = MIXER 
ENTRY STATE = CURRENT 
MEASUREMENT TYPE/NOISE FIGURE 

2. Configure the display for the measurement. 

Ch 3 

Display/DISPLAY MODE/SINGLE CHANNEL 
Display/GRAPH TYPE/LOG MAGNITUDE 

3. Specify the DUT Bandwidth for the noise figure measurement. 


AppI 

DUT BANDWIDTH = WIDE 
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NOTE 

Select OUT BAND¬ 
WIDTH = NARROW for 
noise figure measure¬ 
ments of band limited de¬ 
vices. The WIDE selec¬ 
tion provides faster 
measurements of broad¬ 
band devices than the 
NARROW selection. 


NOTE 

The frequency dispiay 
on the screen is the RF 
frequency appiied to the 
mixer DUT. 

Select LO IS SOURCE = 
3 if using an external 
synthesizer. Make sure 
to connect the 10 MHz 
line between the synthe¬ 
sizer and the MS462XX. 


NOTE 

The default noise figure 
average of 40 provides 
measurement speed 
and reasonable stability. 
Increasing the noise fig¬ 
ure averaging provides 
more stable measure¬ 
ments, but decreases 
the measurement 
speed. 


4. I ndicate the location of the noise source for the measurement. 

NOISE FIGURE SETUP 
NOISE SOURCE = EXTERNAL 

5. Load the appropriate noise source ENR values. 

ENR TABLE OPERATION 
LOAD ENR TABLE 

FROM HARD DISKA/ENDOR ENR TABLE 

6. Select the ENR fileto read. Refer to Section 7-8for information on for¬ 
matting the noise source ENR values into a file and copying the file to the 
hard disk. 

7. Proceed with the LO / Receiver setup by selecting the AppI front panel key 
and the menu soft keys as follows: 

LO/RECEIVER SETUP 
LOIS SOURCE = 2 (or 3) 

LO CW MODE = ON 
LO CW FREQUENCY = 700 MHz 
RCVR CONVERSION/DOWN 
RETURN 

8. Specify the RF frequency range and data poi nts for the measurement. 

Freq 

START= 920 MHz 

STOP = 1000 MHz 

Config/DATA POINTS/51 MAX PTS 

9. Specify the Noise Figure Averaging for the measurement 

Avg/NOISE FIGURE AVERAGE = 40 
NOISE FIGURE AVERAGE = ON 

10. Adjust Source Power to 4-7 dBm as is required for this DUT. 

Power/SOURCE 2 (or 3) SETUP 
SOURCE 2 (or 3) POWER = 7 dBm 
PORT 3 ATTN = 0 (0 dB) 

11. Connect the Noise Source to Port 2 of the MS462XX, including any atten¬ 
uation and filtering following the DUT. Make sure that Device Type=Mixer 
sotheMS462XX knows to calibrate the IF frequencies at the receiver. 

Appl/CHANGE APPLICATION SETUP/DEVICE TYPE = MIXER 
Cal/PERFORM NOISE FIGURE ONLY 
MEASURE DEVICE(S) 
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NOTE 

The SSB correction is for 
use during mixer noise 
figure measurement 
when a SSB response is 
desired (e.g. when the 
DUT will be used in an 
application where only 
one sideband is used, 
the case in most radios). 
If not Invoked, the calcu¬ 
lated insertion gain will 
be a sum of the two side¬ 
band responses and 
may be higher than Is 
practically useful. The 
SSB correction simply 
subtracts 3 dB from the 
calculated Insertion gain 
before it is used in calcu¬ 
lations. This assumes 
that the DUT conversion 
gain/loss is the same for 
the two sidebands and 
may be simplistic. 


12. TheMS462XX proceeds with the calibration. 

13. Connect the noise source at the RF of the mixer DUT, the IF at Port 2, 
and the LO at Port 3. 

14. Adjust the Scale of the display for the measurement 

Display/SCALE 
RESOLUTION = 5 dB/DIV 
REFERENCE VALUE = 0 dB 
REFERENCE LINE = 4 

The following display shows the SSB performance of this mixer DUT for this 
measurement. 


NOISE FIGURE NB NOISE FIGURE HERS 


LOG HfiGNITUDE ► REF= 0.000 dB 5.000 dB/DIU 



Figure 4-40. Mixer NoiseFigure Fixed LO with SSB Correction Example Display 


15. Apply the SSB Correction. This correction decreases by 3 dB the calcu¬ 
lated insertion gain. 

AppI 

NOISE FIGURE SETUP 
SSB CORRECTION = ON 

This completes the procedurefor performing the Mixer NoiseFigure, Fixed 
LO measurement using the MS462XX. 
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Mixer Noise Figure, Fixed IF 

The device to be tested has a fixed IF of 200 MHz and a RF range of 920 to 
1000 MHz. The LO frequency range (at +7 dBm) is set as a fixed offset (-200 
MHz) from the RF or 720 to 800 MHz. The noise figure for this fixed IF fre¬ 
quency will be measured. There is a low pass filter following the mixer DUT 
with a cutoff frequency of 550 MHz. The noise source provides the RF and I n- 
ternal Source 2 provides the LO for the mixer DUT. 

The following display shows a typical Mixer Noise Figure, Fixed IF measure¬ 
ment. 


NOISE FIGURE NB NOISE FIGURE HERS 


LOG HfiGNITUDE ► REF= 0.000 dB 5.000 dB/DIU 



Figure4'41. Mixer NoiseFigure Fixed IF Example Display 


1. Proceed with LO / Receiver setup by selecting the AppI front panel key 
and select the menu soft keys as follows: 

LO/RECEIVER SETUP 

LO IS SOURCE = 2 

LO CW MODE = OFF 

LO OFFSET FROM RF = -200 MHz 

RCVR CONVERSION/DOWN 

RETURN 
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When selecting the LO OFFSET FROM RF, the-200 MFIz selection sets the 
LO range as 720 to 800 MFIz. A +200 M FIz selection sets the LO range as 
1120 to 1200 M FI z. Both of these frequency ranges produce the fixed IF of 200 
MFIz so careful selection of this setting ensures accurate measurements. The 
frequency display on the screen is still theRF frequency applied to the mixer 
OUT. 

2. Connect the Noise Source to Port 2 of the MS462XX, including any atten¬ 
uation and filtering following the OUT. 

Cal/PERFORM NOISE FIGURE ONLY 
MEASURE DEVICE(S) 

3. TheMS462XX proceeds with the calibration. 

4. Connect the noise source at the RF of the mixer OUT, the IF at Port 2, 
and the LO at Port 3. 


NOTE 

The SSB correction is for 
use during mixer noise 
figure measurement 
when a SSB response is 
desired (e.g. when the 
DUT will be used in an 
application where only 
one sideband is used, 
the case in most radios). 
If not invoked, the calcu¬ 
lated insertion gain will 
be a sum of the two side¬ 
band responses and 
may be higher than is 
practically useful. The 
SSB correction simply 
subtracts 3 dB from the 
calculated insertion gain 
before it is used in calcu¬ 
lations. This assumes 
that the DUT conversion 
gain/loss is the same for 
the two sidebands and 
may be simplistic. 


The following display shows the SSB performance of this mixer DUT for this 
measurement. 


NOISE FIGURE UB NOISE EIGLRE tlERS 

LOG UflQNITUDE ► REF= 0.000 dB 5.000 dB/DIV 



Figure4'42. Mixer NoiseFigure Fixed IF with SSB Correcticn Example Display 


5. Apply the SSB Correction. This correction decreases by 3 dB the calcu¬ 
lated insertion gain. 

AppI 

NOISE FIGURE SETUP 
SSB CORRECTION = ON 
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There are two ways the LO can degrade a mixer N F measurement: 

□ Direct LO leakage: Since mixer isolation is often less than 30 dB and a dis- 
cretesignal of-90dBmcan affect a noise figure measurement, filtering of 
the LO on the output path is critical. If the LO is close to the output signal 
band, the filtering may need to be quite steep. 

□ LO noise conversion: If the LO is noisy or has spurs at an offset equal to 
the DUT output frequency, this noise/spur content can convert to the out¬ 
put frequency and impact the measurement. While spurs may be difficult 
to counteract, broadband noise effects can be reduced through power bud¬ 
get! ng. I n many sources, the broadband noise originates in the output am¬ 
plifiers and the level control precedes these amplifiers. If the source is set 
for maximum power and the output padded externally, the absolute (and 
relative) level of the broadband noise can be reduced while keeping the LO 
drive at the correct level. 

This completes the procedure for performing the M ixer Noise Figure, Fixed IF 

measurement using the MS462XX. 
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Mixer 
I ntermodul ati on 
Distortion (IMD) 

Option 13 


This section contains four typical mixer IM D measurements. These measure¬ 
ments are performed on the same OUT so that comparisons are possible. 

Each subsequent measurement builds on the setup of the previous 
measurement. 

□ CW Mixer IMD 

□ Swept Mixer IMD, Fixed LO 

□ Swept Mixer IMD, Fixed IF 

□ Swept M ixer Third Order I ntercept (TOI), Fixed IF 

More straightforward mixer measurements are possible because the 
MS462XX includes a selection for device type. This selection is avail able after 
the Appl/CFIANGE APPLICATION SETUP keystrokes. For a selection of Device 
Type = M ixer, the MS462XX simplifies the setup for the selected measure¬ 
ment by: 

□ allowing the quick selection of which source is to be the DUT LO, 

□ allowing simple selection of a fixed LO or fixed IF measurement 
scenario (and specifying that LO or IF frequency), and 

□ informing the receiver of what kind of DUT conversion to expect 
(up conversion | RF-H_0| , down conversion | RF-LO| , or no con¬ 
version as might be used for a quick leakage measurement). 

Activating the M ixer device type also performs the important function of 
turning on both internal sources for front panel access (usually using ports 1 
and 3 driving, port 2 being the receive port). Two ports are not allowed to 
drive simultaneously during normal S-parameter measurements. 

Setup Considerations 

Time Base Synchronization 

This measurement requires an external synthesizer with the time bases of 
the instruments synchronized. The 10 M FIz reference out from the synthe¬ 
sizer must be connected to the 10 M FIz reference in on the MS462XX to syn¬ 
chronize the time bases. I n addition, the MS462XX requires a manual 
selection to engage the external source (see Utility/REAR PANEL/REFERENCE 
FREQUENCY). 

If this is not done, the tones and inter modulation products may not be exactly 
where the receiver expects them (particularly at smaller IF bandwidths) and 
poor results will be obtained. If the external 10 M FIz is not connected but the 
reference selection is still external, the M S462XX may not sweep or an error 
message"PFIASE LOCK FAIL DFCEBAKJ "(or similar random letters) may 
be displayed. 
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GPIB Considerations 

Ideally, the synthesizer will be connected to the dedicated GPIB port and 
turned on prior to turning on the MS462XX and the synthesizer will not be 
turned off while the MS462XX is running. If it is necessary to activate the 
synthesizer after turning on the MS462XX, the following procedure may be 
used 

1. Enter the multiple source menu (but go no further down that tree) 
AFTER the synthesizer has booted (this allows the system to recognize 
the existence of the synthesizer). Assuming the synthesizer is set to ad¬ 
dress 9 (default address for source 3), check under 
Config/Sources/SourceS to see that the source is ACTIVE. I f the addresses 
are out of synch, review the setups and repeat. 

2. Verify that the sources have been selected under the IMD application 
menu/SOURCE SELECTION. The default is sources land 2 will be tones 
1 and 2 while source 3 will be the LO. Ensure that the mode is APPLY. 

3. Activate Mixer mode, usually the synthesizer will enter remote mode and 
will deprogrammed appropriately 

4. If not done already, connect the 10 MHz lines as discussed above and 
switch the M S462XX to external reference. 

If the synthesizer must be turned off or disconnected prior to shutting down 
the MS462XX (or the user will be later rebooting the MS462XX without a 
synthesizer connected), the foil owing steps will help 

1. Switch the MS462XX to INTERNAL reference and disconnect the 10 
MHz line 

2. Under Config/Sources, set the external source to IN ACTIVE 

3. The external synthesizer can now be disconnected or turned off. Note that 
if a setup is to be saved, whether the external synthesizer is connected 
(and recognized) is critical. The setup can only be recalled with the same 
physical connections present. 

These setup considerations can help with setup issues and general measure¬ 
ment flow. 
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CW Mixer IMD The device to detested has a fixed LO (of +7 dBm) at 3 GHz. The first tone is 
at 3500 MHz and the second tone is offset 1.01 MHz from the first tone (or at 
3501.01 MHz). Both tones are applied to the combining network at 0 dBm. 
Only output-referred intermodulation products are of interest so no calibra¬ 
tions will be performed. Sources 1 and 2 of the MS462XX will be tones land 
2 while the external source (Source 3) will provide the LO to the mixer OUT. 

The MS462XX has already been turned on with the synthesizer connected 
and is in Device Type = Standard mode. 

The following display shows a typical Mixer IMD, CW measurement. 


INTERHODULflTION PRODUCT 1 500.000 000 HHz CW 

OUTPUT TONEl INTERHODULRTI ON 


LOG MflONITUDE 


►REF= 0.000 dB 


15.000 dB/DIO 



Figure4-43. Mixer IMD, CW Example Display 


4-67 


MS462XXMG 






































MIXER MEASUREMENTS 


APPLICATIONS 


To Dedicated 
GPIB Connector 


Ext 

10 MHz In 


10 MHz 



REF OUT 


E 




oo 

□ □□□ 

□ □ODD 

□ □□□□ 

□ □□□□ 

□ 

□ 


l®l 



69B Series Synthesizer 


Figure4^44. CW Mixer IMD 


1. Verify Source 3 indicates ACTIVE configuration. This ACTIVE configura¬ 
tion requires a GPIB connection between the Dedicated GPIB of the 
MS462XX and the GPIB of the synthesizer. If Source 3 is not active, see 
the previous discussion for setup considerations. 

Config/SOURCE/SOURCE 3 = ACTIVE 

2. Connect 10 M H z reference from synthesizer to M S462XX. Transfer the 
Reference Frequency for the M S462XX from I nternal to External 

Utility/REAR PANEL/REFERENCE FREQUENCY = EXTERNAL 

3. Press the AppI front panel key and select the menu soft keys as follows to 
prepare the M S462XX for the measurement. 

CHANGE APPLICATION SETUP 
DEVICE TYPE = MIXER 
MEASUREMENT TYPE/IMD 

4. Ensure that Tone 1 is Source 1, Tone 2 is Source 2, and LO is Sources. I n 
addition, verify that the Selection Mode is APPLY. 

SOURCE SELECTION 
TONE 1 IS SOURCE = 1 
TONE 2 IS SOURCE = 2 
LO IS SOURCE = 3 
SELECTION MODE = APPLY 
RETURN 
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5. Configure the display for the measurement. 

Ch 3 

Display/DISPLAY MODE/SINGLE CHANNEL 
Display/GRAPH TYPE/LOG MAGNITUDE 

6. Connect the combi ni ng network between the two sources (Port 1 and Port 
3) on the front panel of the M S462XX. 

7. Specify the frequency range and data points for the IM D measurements. 

Appl/SWEEP MODE = SOURCE 
Freq/C.W. MODE = OFF 
START = 1 GHz 
STOP = 2 GHz 

Config/DATA POINTS/51 MAX PTS 

8. Perform a Receiver Cal for Port 2 and connect a through line between 
Port 1 and Port 2, including any attenuation that follows the DUT. This 
calibration gives the MS462XX the ability to measure absolute power in 
dBm. 


Cal/PERFORM CAL/RECEIVER CAL 
BEGIN CAL 

9. TheMS462XX proceeds with the calibration. 


NOTE 

Avoid specifying offsets 
that are multiples of 125 
kHz. These frequencies 
may create an image 
problem if the IMD prod¬ 
ucts to be observed are 
very small. Verify IMD 
products before mea¬ 
surements by connect¬ 
ing a thru between the 
combining network and 
Port 2. Changing the off¬ 
set frequency by as little 
as 1 kHz can improve the 
IMD performance. 


EXIT 

Cal/APPLY CAL: RECEIVER CAL FOR PORT 2 = ON 

10. Connect the combining network between the two sources (Port 1 and Port 
3) on the front panel of the M S462XX. 

11. Configurethe MS462XX for theTwo-Tone IMD Products measurement. 

AppI 

SWEEP MODE = CW RCVR 

12. Specify the CW Frequency for Tone 1. 

Freq/C.W. MODE = 1500 MHz 

13. Specify the CW Frequency for Tone 2 by selecting an offset from Tone 1. 

Appl/TONE 2 OFFSET = 1.01 MHz 

14. Specify the I .F. Bandwidth for the measurement. A selection of 10 Hz pro¬ 
vides maximum dynamic range. 

Avg/SELECT I.F. BANDWIDTH/I.F. BW 10 Hz 
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15. Adjust the Scale of the display for the measurement. 


NOTE 

This setup screen is a 
way to avoid using Multi¬ 
ple Source Control by 
simplifying some of the 
choices. The types of 
conversions are limited 
to Fixed LO and Fixed IF. 
Use Multiple Source 
Control if a more compli¬ 
cated frequency plan for 
the DUT is needed. 

The frequency display 
on the screen is the RF 
frequency applied to the 
mixer DUT. 


Ch 3 

Display/SCALE 
RESOLUTION = 20 dB/DIV 
REFERENCE VALUE = 0 dB 
REFERENCE LINE = 7 

16. Proceed with LO / Receiver setup by selecting the AppI front panel key 
and select the menu soft keys as follows: 

LO/RECEIVER SETUP 
LO CW MODE = ON 
LO CW FREQUENCY = 3 GHz 
RCVR CONVERSION/DOWN 
RETURN 

17. Setup the Power for Tone 1 and Tone 2 for 0 dBm to the combining 
network. 

Power/SOURCE 1 SETUP 
SOURCE 1 POWER = 0 dBm 
PORT 1 ATTN = 0 (0 dB) 

RETURN 

SOURCE 2 SETUP 
SOURCE 2 POWER = 0 dBm 
PORT 3 ATTN = 0 (0 dB) 

18. Adjust Source 3 Power to +7 dBm as is required for this DUT. 


Power/SOURCE 3 SETUP 
SOURCE 3 POWER = 7 dB 

19. Connect the mixer DUT with the IF at Port 2, the RF to the combining 
network, and the LO to the synthesizer. 


This completes the procedure for performing the Mixer IMD, CW measure¬ 
ment usi ng the M S462XX. 
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Swept Mixer IMD, A Swept Mixer IMD, Fixed Lo measurement performs the previous CW-type 

Fixed LO measurement within a frequency range and dispiays the resuits as i MD prod¬ 

ucts versus frequency. This measurement shows the i M D Products for two i n- 
put tones at 0 dBm to the combining network. 

The device to be tested has a fixed LO (at +7 dBm) of 3000 MHz and a RF 
range (at 0 dBm to the combining network) of 3200 to 3800 MHz. The i MD 
products i n the i F range of 200 to 800 M H z wi i i be measured 

Thefoiiowing dispiay shows a typicai Swept Mixer i MD, Fixed LO measure¬ 
ment. 


CHI : IHD PRODUCT 

IHD 

CH3: 

IHD PRODUCT 

LOG HRGHITUDE 

LBG HOGNITUDE 

►REF= -30.000 dBc 


► REF = 

-30.000 dBc 

5.000 dB/DIV 


5.000 dB/DIV 



Figure 4-45. Swept Mixer IMD, Fixed LO Example Dispiay 


1. Begin this swept measurement by switching the sweep mode from CW 
RCVR to SOURCE. 

Appi/SWEEP MODE = SOURCE 
Freq/C.W. MODE = OFF 

2. Specify the frequency range and data points for the i M D measurements. 

Freq/START = 3200 MHz 
STOP = 3800 MHz 
Config/DATA POiNTS/51 MAX PTS 
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3. Verify the following LO / Receiver setup by selecting the AppI front panel 
key and select the menu soft keys as follows: 


NOTE 

The frequency display 
on the screen is the RF 
frequency applied to the 
mixer DUT. 


LO/RECEIVER SETUP 

LO IS SOURCE = 3 

LO CW MODE = ON 

LO CW FREQUENCY = 3000 MHz 

RCVR CONVERSION/DOWN 

RETURN 

4. Perform an IM D Cal. Connect a through 11 ne between the combi ni ng net¬ 
work and Port 2, including any attenuation that follows the DUT. 


NOTE 

An IMD Cal allows input 
referred measurements. 
The source power 
should not be adjusted 
following an IMD Cal. 


Appl/CHANGE APPLICATION SETUP/DEVICE TYPE=STANDARD 
Cal/PERFORM CAL/IMD CAL 
Avg/SELECT I.F. BANDWIDTH/I.F. BW 100 Hz 
MEASURE DEVICE(S) 

5. The MS462XX proceeds with the IMD Calibration. 

EXIT 

6. Return the Device Type Selection to Mixer for the measurement. 

Appl/CHANGE APPLICATION SETUP/DEVICE TYPE=MIXER 

7. Connect the mixer DUT with the IF at Port 2, the RF to the combining 
network, and the LO to the synthesizer. 
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8. Configure the 2-channel display for the Swept Mixer IMD measurement. 

Display/DISPLAY MODE/DUAL CHANNELS 1&3 
Ch 1 

Display/GRAPH TYPE/LOG MAGNITUDE 
Appl/DISPLAY SELECTION 
THIRD ORDER INTERMODULATION = PRODUCT 
MEASURE RELATIVE TO = TONE 1 (UPPER PRODUCT) 

MEAS. REFERENCE = OUTPUT 

RETURN 

Ch 3 

Display/GRAPH TYPE/LOG MAGNITUDE 
Appl/DISPLAY SELECTION 
THIRD ORDER INTERMODULATION = PRODUCT 
MEASURE RELATIVE TO = TONE 2 (LOWER PRODUCT) 


MEAS. REFERENCE = OUTPUT 
RETURN 

Display/DISPLAY MODE/OVERLAY DUAL CHANNELS 1 & 3 


NOTE 


An Overlay Dual Chan¬ 
nels display allows view¬ 
ing of both upper and 
lower IMD products. 


9. Adjust the scales for the displays. 


Ch 1 

Display/SCALE 
RESOLUTION = 5 dB/DIV 
REFERENCE VALUE = -30 dBc 
REFERENCE LINE = 4 
Ch 3 

Display/SCALE 
RESOLUTION = 5 dB/DIV 
REFERENCE VALUE = - 30 dBc 
REFERENCE LINE = 4 

This completes the procedure for performing the Swept Mixer IMD, Fixed LO 
measurement using the MS462XX. 
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Swept Mixer IMD, A Swept M ixer IM D, Fixed IF measurement performs the measurement with 

Fixed IF the LO sweeping a fixed offset from the RF so that a fixed IF is observed. The 

results are displayed as I MD products versus frequency for a Fixed IF. This 
measurement shows the I MD Products for two input tones at 0 dBm to the 
combining network. 

The device to be tested has a fixed IF of 500 MFIz and a RF Range (at 0 dBm 
to the combining network) of 3200 to 3800 M FIz. The LO range (at +7 dBm) 
is set as a fixed offset (-500 M FI z) from the RF or 2700 to 3300 M FI z. 

The following display shows a typical Swept Mixer IMD, Fixed IF measure¬ 
ment. 


CHI : IHD PRODUCT 

IHD 

CH3: 

IHD PRODUCT 

LOG HRGHITUDE 

LBG HOGNITUDE 

►REF= -30.000 dBc 


► REF = 

-30.000 dBc 

5.000 dB/DIV 


5.000 dB/DIU 



Figure4'46. Swept Mixer I MD, Fixed IF Example Display 


1. Proceed with LO / Receiver setup by selecting the AppI front panel key 
and select the menu soft keys as follows: 

LO/RECEIVER SETUP 

LO IS SOURCE = 3 

LO CW MODE = OFF 

LO OFFSET FROM RF = -500 MHz 

RCVR CONVERSION/DOWN 

RETURN 
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NOTE 

An IMD Cal allows input 
referred measurements. 
The source power 
should not be adjusted 
following an IMD Cal. 


2. Perform an IM D Cal. Connect a through I i ne between the combi ni ng net¬ 
work and Port 2, including any attenuation that follows the DUT. 

Appl/CHANGE APPLICATION SETUP/DEVICE TYPE=STANDARD 
Cal/PERFORM CAL/IMD CAL 
Avg/SELECT I.F. BANDWIDTH/I.F. BW 100 Hz 
MEASURE DEVICE(S) 

3. The MS462XX proceeds with the IMD Calibration. 


EXIT 

4. Return the Device Type Selection to Mixer for the measurement. 


NOTE 

Be careful in selecting 
the LO OFFSET FROM 
RF. The -500 MHz se¬ 
lection sets the LO range 
as 2700 to 3300 MHz. 
On the other hand, a 
+ 500 MHz selection 
would set the LO range 
as 3700 to 4300 MHz. 
Both of these frequency 
ranges produce the fixed 
IF of 500 MHz so careful 
selection of this setting 
ensures accurate mea¬ 
surements. The fre¬ 
quency display on the 
screen is still the RF fre¬ 
quency applied to the 
mixer DUT. 

The frequency display 
on the screen Is the RF 
frequency applied to the 
mixer DUT. 


Appl/CHANGE APPLICATION SETUP/DEVICE TYPE=MIXER 

5. Connect the mixer DUT with the IF at Port 2, the RF to the combining 
network, and the LO to the synthesizer. 

This completes the procedurefor performing the Swept Mixer IMD, Fixed IF 
measurement using the MS462XX. 
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Swept Mixer Third 
Order I ntercept 
(TOI), Fixed IF 


The following display shows a typical Swept Mixer TOI, Fixed IF measure¬ 
ment. This measurement performs the swept IM D products measurement 
and displays the calculated TOI. 


CHI: INTERCEPT 

IHD 

CH5: 

INTERCEPT 

LOG MAGNITUDE 

LGG MAGNITUDE 

► REF= 0 .000 dEim 


► REF = 

0.000 dBm 

5.000 dB/DIV 


5.000 dB/DIV 



Figure4-47. Swept Mixer Third Order Intercept, Fixed IF Example Display 


1. The calculations for TOI require a receiver calibration. The following 
steps set up the system for the receiver cal i bration for Port 2 over the en- 
ti re frequency range of the system. 

Appl/CHANGE APPLICATION SETUP/DEVICE TYPE = STANDARD 
ENTRY STATE = PREVIOUS 

MEASUREMENT TYPE/TRANSMISSION AND REFLECTION 
Freq 

START = 10 MHz 
STOP = 6 GHz 

Config/DATAPOINTS/401 MAX PTS 
Avg/SELECT I.F. BANDWIDTH/I.F. BW 1 kHz 
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2 . Connect a through line between Port 1 and Port 2, including any attenua¬ 
tion that follows the DUT. The calibration gives the MS462XX the ability 
to measure absolute power in dBm. 


NOTE 

The Reference Value of 
0 dB actually represents 
0 dBm due to the previ¬ 
ously performed Re¬ 
ceiver Cal. 


NOTE 

TOI is calculated as: 

3PtONE2- Plowerimd 
2 
or 

3Ptonei- Pupperimd 
2 

where the tone powers 
are in dBm. 


Power/RECEIVER CAL/RECEIVER CAL 

BEGIN CAL 

RETURN 

3. Return to the IMD application. 

Appl/CHANGE APPLICATION SETUP/DEVICE TYPE = MIXER 
ENTRY STATE = PREVIOUS 
MEASUREMENT TYPE/IMD 

Power/RECEIVER CAL/RECEIVER CAL FOR PORT 2 = ON 

4. Configure the 4-channel display for the Swept Two-Tone I MD Products 
measurement. 

Display/DISPLAY MODE/FOUR CHANNELS 
Ch 1 

Appl/DISPLAY SELECTION 

THIRD ORDER INTERMODULATION = INTERCEPT 
MEASURE RELATIVE TO = TONE 1 (UPPER PRODUCT) 

MEAS. REFERENCE = OUTPUT 

RETURN 

Ch 3 

Appl/DISPLAY SELECTION 

THIRD ORDER INTERMODULATION = INTERCEPT 
MEASURE RELATIVE TO = TONE 2 (LOWER PRODUCT) 

MEAS. REFERENCE = OUTPUT 
RETURN 

5. Adjust the scales for the displays. 


Ch 1 

Display/SCALE 
RESOLUTION = 5 dB/DIV 
REFERENCE VALUE = 0 dBm 
REFERENCE LINE = 4 
Ch 3 

Display/SCALE 
RESOLUTION = 5 dB/DIV 
REFERENCE VALUE = 0 dBm 
REFERENCE LINE = 4 
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Frequency 
Translated Group 
Delay (FTGD) 

Option 5 


Group delay is a common figure of merit used in determining how much dis¬ 
tortion a given device will add to a communications system. Traditionally, 
this measurement was obtained from the change in phase over the change in 
frequency during a transmission measurement. Whilethis method works well 
for non-frequency translating devices, it fails miserably with frequency trans¬ 
lating devices as accurate and stable phase information is generally 
available. 


FTGD, Fixed LO 

I n this example, the DUT is a mixer and a low pass filter functioning as a 
down converter. The RF frequency range for this test is 1900 M H z to 2150 
MHz, the LO frequency is fixed at 1100 MHz resulting in an IF frequency 
range of 800 M Hz to 1050 MHz. The RF power is -5 dBm while the LO power 
is 4-7 dBm. The corresponding conversion loss is roughly 6 dB. 



Figure4-48. Mixer and LPF for FTGD Measurement 
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S21 TRANSniSSION FREQ TRRNS GROUP [lELRV 

GROUP OELflV FREF=0.000 fs 5.000 ns/OIU 



S21 IRGNSmSSION FREQ TRGNS GROUP OELGV 

LOO nflONITUOE FREF= 0.000 dE 5.000 dB/[>IU 


TRACE NATH APPLIED 




1 : 

1 95 

-6;169 dB 
0.000 000 NHz 

































] 
















































1 900.000 000 MHz 


150.000 000 MHz 


MIXER 

LO / RECEIVER 
SETUP 

LO IS SOURCE 
(2-U) 


LO ON ON 

MODE 

►LO CM FREOUENCV 
I.100000000 GHz 

RCUR CONUERSION 
DOWN 


HELP OFF 


RETURN 


Figure 4-49. Frequency Translated Group Delay Measurement (Down conva'sion) 


1. Press the AppI front panel key and select the menu soft keys as follows: 

CHANGE APPLICATION SETUP 
DEVICE TYPE / STANDARD 

MEASUREMENT TYPE / FREQUENCY TRANSLATION GROUP DELAY 

2. Press the Freq front panel key and select the menu soft keys as follows to 
set the RF frequency range for the mixer: 

START = 1900 MHz 
STOP = 2150 MHz 

3. Press the Power front panel key and select the menu soft keys as follows. 
The resulting Port 1 output power should be-5 dBm. 

SOURCE 1 SETUP 
SOURCE 1 POWER = -5 dBm 
PORT 1 ATTN = 0 dB 
RETURN 

4. Press the Config front panel key and select the menu soft keys as follows: 

DATA POINTS 
51 MAX POINTS 
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NOTE 

Ensure that the correct 
power levels are set be¬ 
fore beginning the cali¬ 
bration. Altering levels 
after starting the calibra¬ 
tion will invalidate the 
calibration. 


5. Press the Cal front panel key and select the menu soft keys as follows: 

PERFORM CAL 

6. Connect a through line between measurement ports 1 and 2 using the ref¬ 
erence plane to which your DUT will be connected. A clicking sound may 
be heard during the calibration process. This is the instrument adjusting 
attenuator levels for optimum signal level, and is normal behavior. Select: 

MEASURE DEVICE(S) 

EXIT 

7. Press the Avg front panel key and select the menu soft keys as follows: 


SELECT I.F. BANDWIDTH 
I.F. BW 100 Hz 

8. Press the Ch3 front panel key. 


NOTE 

Wait for a sweep to com¬ 
plete before storing the 
trace to memory. 


9. This step normalizes the power seen at the receiver without the DUT con¬ 
nected, so that conversion loss can be directly read in the proceeding mea¬ 
surements. Press the Display front panel key and select the menu soft 
keys as follows: 

TRACE MEMORY 

STORE DATA TO MEMORY 

DATA(/) MEMORY 

RETURN 

SCALE 

RESOLUTION = 5 dB/DIV 
RETURN 

10. Press the AppI front panel key and select the menu soft keys as follows: 


CHANGE APPLICATION SETUP 
DEVICE TYPE = MIXER 

11. Press the AppI front panel key and select the menu soft keys as follows: 


LO/RECEIVER SETUP 

LO IS SOURCE = 2 internal source) 

LO CW MODE = ON 

LO CW FREOUENCY =1100 MHz 

RCVR CONVERSION = DOWN 

RETURN 
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12. Press the Power front panel key and select the menu soft keys as follows: 


NOTE 

The resulting Port 3 out¬ 
put power should be 
7 dBm. 


SOURCE 2 SETUP 
SOURCE 2 POWER = 7 dBm 
PORT 3 ATTN = 0 dB 
RETURN 

13. Press the Ch1 front panel key. 

14. Press the Display front panel key and select the menu soft keys as follows: 

SCALE 

RESOLUTION = 5 ns/DIV 
RETURN 


This completes a fixed LO frequency translated group delay measurement. 

NOTE 

As an alternative, phase can also be displayed by chang¬ 
ing the graph type. I n addition, quasi-absolute phase can 
be displayed (with firmware 1.17 and above) by selecting: 
Appl/ABSOLUTE PHASE = ON 
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4^9 GLOBAL POWER The power sweep mode allows the follow!ng measurement possibi 1 i- 

SWEEP ties: 

Standard Feature ^ AM/PM measurements 

□ Gain compression measurements of mixers, sweeping the LO 
and/or the RF sources 

□ Reflection coefficients vs. power 

NOTE 

Fore more information, 
refer to the Anritsu 
Global Power Sweep 
Application Note 
(Anritsu part number: 
11410-00243) 

□ Mixer isolation vs. LO power 

□ Swept power harmonic measurements 

□ Swept power 1M D and mixer 1M D measurements 

This section contains discussions, examples, and procedures related to 
the fol lowing applications: 

□ Standard T/R 

□ Mixer T/R 

□ Harmonic 

□ Non-mixer 1MD and Mixer 1MD 


Example 1: 
AM/PM Measurement 
of an Amplifier 

Standard Feature 

For a standard (non-mixer) T/R measurement, any of the usual calibration 
techniques may be applied (one-port, 12-term, etc). If the power sweep is cov¬ 
ering ranges close to -FlO dBm, it may be desirable to perform thecal while in 
power sweep mode to remove some receiver compression effects (specified to 
be <0.1-0.2 dB at -FlO dBm port depending on model). 1 n other situations, the 
calibration will be effectively power-in depen dent assuming the step attenu¬ 
ator is not changed. Most of the measurements in this category will be akin to 
AM-AM or AM-PM conversion analysis and are useful for studying compres¬ 
sion effects on linear parameters. 


1. To select transmission and reflection mode, press the AppI front panel key 
and select the menu soft keys as follows: 


CHANGE APPLICATION SETUP 

DEVICE TYPE = STANDARD 

ENTRY STATE = CURRENT 

MEASUREMENT TYPE/TRANSMISSION AND REFLECTION 

2. To configure the MS462XX for Power Sweep, press the fol lowing front 
panel and soft keys: 


Freq/CW MODE=ON [1 GHZ] 

Sweep/SWEEP TYPE = POWER SWEEP 

Power/SELECT SOURCE = 1 

START = -15 dBm 

STOP = +5 dBm 
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3. Press the Cal front panel key and select the menu soft keys as follows: 

PERFORM CAL 2 PORT 
NEXT CAL STEP 

TRANSMISSION FREQUENCY RESPONSE 
FORWARD PATH (S21) 

EXCLUDE ISOLATION 
NORMAL 
NEXT CAL STEP 
START CAL 

4. Connect a thru line between port 1 and port 2 and select the menu soft 
keys as follows: 

MEASURE DEVICE 
NEXT CAL STEP 
ENTER 

5. To configure the display, select: 

CHS 

DISPLAY MODE/SINGLE CHANNEL 

6. Press the Display front panel key and select the menu soft keys as follows: 

GRAPH TYPE/LOG MAGNITUDE AND PHASE 

7. Press the Meas front panel key and select the menu softkey: 

S21 

8. Connect the DUT between port 1 and port 2. 

9. Press the Avg front panel key and select the appropriate IF bandwidth or 
averaging by selecting the foil owing soft key: 

SELECT IF BANDWIDTH 

Figure 4-50 (page 4-84) shows an AM/PM measurement of an amplifier using 
a frequency response cal. Trace memory could be used to normalize the re¬ 
sults to low power values if desired. 
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S21 TRfiNSIIISSION TRflNSMISSION/REFLECTION 

LOG MAGNITUDE ► REF= -1.000 dB 1 .000 dB/DIV 




Figure4'50. AM/PM Measurement c# an Amplifier 
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Example 2: 
S21 and Sll vs. 
Power of an 
Amplifier 

Standard Feature 


Toenablethis measurement, a full 12-term cal must be performed while in 
power sweep. The amplifier output should be padded to avoid compressing 
the receiver (normal specification for the MS462XX is 0.1 dB compression at 
10 dBm receiver port power, depending on model). 

1. To select transmission and reflection mode, press the AppI front panel key 
and select the menu soft keys as follows: 

CHANGE APPLICATION SETUP 
DEVICE TYPE = STANDARD 
ENTRY STATE = CURRENT 

MEASUREMENT TYPE/TRANSMISSION AND REFLECTION 

2. To configure the MS462XX for Power Sweep, press the following front 
panel and soft keys: 

Freq/CW MODE=ON (0.994 GHz) 

Sweep/SWEEP TYPE = POWER SWEEP 
Power/SELECT SOURCE = 1 
START = -15 dBm 
STOP = +10 dBm 

3. Press the Cal front panel key and the following soft keys to perform a full 
12-term cal excluding isolation: 

PERFORM 2 PORT 
NEXT CAL STEP 

FULL 12 TERM/EXCLUDE ISOLATION/NORMAL 
NEXT CAL STEP 
START CAL 

4. Follow the instructions on the screen. Refer to Chapter 3, Calibration for 
further details on calibration. 


MEASURE DEVICE 
NEXT CAL STEP 
ENTER 

5. Press the CHI and Display front panel keys and the foil owing soft keys to 
configure the display: 

DISPLAY MODE/OVERLAY DUAL CHANNELS 1 & 3 

6. Press the Display front panel key and the following soft keys: 

GRAPH TYPE/LOG MAGNITUDE AND PHASE 
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1. Press the Meas front panel key and select the menu softkey: 

S21 

8. Press the Ch 3 and Display front panel keys and select the following menu 
soft keys: 

GRAPH TYPE/LOG MAGNITUDE 

9. Press the Meas front panel key and select the menu softkey: 

S11 

10. Connect the DUT between port 1 and port 2 and select the appropriate IF 
bandwidth or averaging by pressing: 

Avg/SELECT IF BANDWIDTH 

Figure4-51 shows 511 and 521 for an amplifier during power sweep. A full 
12-term cal was performed, while in power sweep, toenablethis measure¬ 
ment. Again the amplifier output was padded to avoid compressing the re¬ 
ceiver (normal specification for the M5462XX is 0.1 dB compression at 10 
dBm receiver port power depending on model). 


CHli S21 TRHNS 

T/R 

CH3i Sll REEL 

LOG MAGNITUDE 


LOG MAGNITUDE 

►REF= 0.000 dB 


► REF= 0.000 dB 

10.000 dB/DIV 


10.000 dB/DIU 



Figure4^51. S21 and Sll for an Amplifier 
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Example 3: 
Mixer Conver¬ 
sion Loss with 
RF Sweeping, 
Fixed LO 

Standard Feature 


The usual T/R calibrations apply to non-frequency translating mixer mea¬ 
surements and the receiver cal, discussed earlier, can apply to conversion 
gain measurements. It is important to note that theX-axis power variableal- 
ways refers to source 1. M any of the measurements in this category are 
AM-AM in nature, although many effects of LO starvation/overdrive are also 
of interest. Si nee conversion measurements are un-ratioed, a direct AM-PM 
measurement cannot be made. 


Figures 4-52 and 4-53 (pages 4-88 and 4-90) show the compression of conver¬ 
sion loss for a passive mixer with RF and LO sweeping, respectively. For these 
measurements, source 1 (1.1 GHz, driving port 1) is used as the RF, while 
source 2 (1.0 GHz, driving port 3) is used as the LO. The IF (100 MHz) receive 
port is port 2.1 n Figure 4-52, the LO is fixed at -l-lO dBm and the 1 dB com¬ 
pression point appears to occur when theRF is near -FldBm. 


1. To select transmission and reflection mode, press the AppI front panel key 
and select the menu soft keys as follows: 


CHANGE APPLICATION SETUP 
DEVICE TYPE = STANDARD 
ENTRY STATE = CURRENT 

MEASUREMENT TYPE/TRANSMISSION AND REFLECTION 

2. Press the Oh 3 and Meas front panel keys and select the following menu 
soft keys: 

USER DEFINED/CHANGE RATIO 

B2/1 

USER 1 

Display/DISPLAY MODE/SINGLE CHANNEL 
Display/GRAPH TYPE/LOG MAGNITUDE 

3. To configure the MS462XX for Power Sweep, press the following front 
panel and soft keys: 


NOTE 

A receiver cal can be 
done here, even if a re¬ 
ceiver cal was previously 
done. To do so, first dis¬ 
able CW mode and then 
enter a range between 
100 and 1100 MHz. 


Freq/CW MODE=ON [1100 MHz] 
Sweep/POWER SWEEP 
Power/SELECT SOURCE = 1 
START = -15 dBm 
STOP = +5 dBm 
SELECT SOURCE = 2 
STOP = +10 

SINGLE POWER ON = +10 dBm 
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4. Connect a thru line between port 1 and port 2. 

5. Perform a thru normalization to trace memory while in standard mode by 
pressing the Display front panel key and the foil owing soft keys: 

TRACE MEMORY/STORE DATA TO MEMORY 
DATA(/) MEMORY 

6. Press the AppI front panel key and the following soft keys to enable mixer 
mode and set up the LO: 

CHANGE APPLICATION SETUP 
DEVICE TYPE = MIXER 
Appl/LO/RECEIVER SETUP 
LO IS SOURCE = 2 
LO CW MODE = ON 
LO CW FREQUENCY = 1000 MHz 
RCVR CONVERSION = DOWN 
RETURN 

7. Connect the mixer to measure (I F to Port 2, RF to Port 1, LO to Port 3). 

8. Select I FBW/Averaging to suit. 

Figure 4-52 shows the mixer conversion loss compression with the RF sweep¬ 
ing. All frequencies areCW and the LO is fixed at -l-lO dBm. Receiver cal and 
trace memory normalization were used to make the measurement. 


b2/l TRfINSMISSION/REFLECTION 

LOG HRDNITUDE ►REF- 0.000 dB 2.000 dB/DIV 



Figure4'52. Mixer Conversion Loss with RF Sweeping 
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Example 4: 
Mixer Conversion 
Loss LO Sweep¬ 
ing, Fixed RF 

Standard Feature 


1. To select transmission and reflection mode, press the AppI front panel key 
and select the menu soft keys as follows: 


CHANGE APPLICATION SETUP 
DEVICE TYPE = STANDARD 
ENTRY STATE = CURRENT 

MEASUREMENT TYPE/TRANSMISSION AND REFLECTION 

2. Press the Ch 3 and Meas front panel keys and select the following menu 
soft keys: 

USER DEFINED/CHANGE RATIO 

B2/1 

USER 1 

Display/DISPLAY MODE/SINGLE CHANNEL 
Display/GRAPH TYPE/LOG MAGNITUDE 

3. To configure the MS462XX for Power Sweep, press the following front 
panel and soft keys: 


NOTE 

A receiver cal can be 
done here, even if a re¬ 
ceiver cal was previously 
done. To do so, first dis¬ 
able CW mode and then 
enter a range between 
100 and 1100 MHz. 


Freq/CW MODE=ON [1100 MHz] 
Sweep/POWER SWEEP 
Power/SELECT SOURCE = 1 
START = -15 dBm 
STOP = +10 dBm 
SELECT SOURCE = 2 
STOP = +10 

SINGLE POWER ON = +10 dBm 

4. Connect a thru line between port 1 and port 2. 


5. Perform a thru normalization to trace memory while in standard mode by 
pressing the Display front panel key and the following soft keys: 


TRACE MEMORY/STORE DATA TO MEMORY 
DATA(/) MEMORY 
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6. Press the AppI front panel key and the following soft keys to enable mixer 
mode and set up the LO: 

CHANGE APPLICATION SETUP 
DEVICE TYPE = MIXER 
Appl/LO/RECEIVER SETUP 
LO IS SOURCE = 2 
LO CW MODE = ON 
LO CW FREQUENCY = 1000 MHz 
RCVR CONVERSION = DOWN 
RETURN 

7. Connect the mixer to measure (I F to Port 2, RF to Port 1, LO to Port 3). 

8. Select I FBW/Averaging to suit. 

Figure 4-53 shows mixer conversion loss compression with the LO sweeping. 
The RF is fixed at -5 dBm and all frequencies areCW. The LO sweep range 
can be determined from the menu bar at the right (-15 dBm ->-l-10 dBm or 
2.5 dB/div). As is consistent with Figure x, the mixer is only operating 'nor¬ 
mally' when the LO power is approximately 10 dB greater than the RF power. 



POWER 

SELECT SOURCE 
START 

-15.00 dBm 
STOP 

10.00 dBm 

SET CENTER/SPRN 

STEPSIZE 
0.51 dBm 

►SINGLE POWER OFF 

SOURCE SETUP 

MORE 

81 DRTR POINT(S) 


Figure4'53. Mixer Conversion Loss Compression with theLO Sweeping 
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Example 5: 
Mixer Isolation 
as a Function of 
LO Drive 

Standard Feature 


Another mixer measurement of interest is isolation. If the mixer output is 
weak, imbalances become more obvious and leakage can change. I n the case 
of Figure 4-54, the RF is fixed and the LO power is swept (over the same-15 
->-l-10 dBm range as in Figure 4-53). The RF->I F isolation is a function of LO 
drive, and many other isolation measurement combinations are possible. 

1. To select transmission and reflection mode, press the AppI front panel key 
and select the menu soft keys as follows: 

CHANGE APPLICATION SETUP 
DEVICE TYPE = STANDARD 
ENTRY STATE = CURRENT 

MEASUREMENT TYPE/TRANSMISSION AND REFLECTION 

2. Press the Ch 3 and Meas front panel keys and select the following menu 
soft keys: 

Meas/S21, TRANS b2/a1 
Display/DISPLAY MODE/SINGLE CHANNEL 
Display/GRAPH TYPE/LOG MAGNITUDE 

3. To configure the MS462XX for Power Sweep, press the following front 
panel and soft keys: 

Freq/CW MODE=ON [1100 MHz] 

Sweep/POWER SWEEP 
Power/SELECT SOURCE = 2 
START = -15 dBm 
STOP = +10 dBm 
SELECT SOURCE = 1 
STOP = 0 dBm 

SINGLE POWER ON = 0 dBm 

4. Press the Cal front panel key and the following soft keys to perform a for¬ 
ward frequency calibration: 

PERFORM CAL 2 PORT 
NEXT CAL STEP 

TRANSMISSION FREQUENCY RESPONSE 
FORWARD PATH (S21) 

EXCLUDE ISOLATION 
SINGLE POWER (1 POINT) 

NEXT CAL STEP 
START CAL 
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5. Connect a thru line between port 1 and port 2. 

MEASURE DEVICE 
NEXT CAL STEP 
ENTER 

6. Press the AppI front panel key and the following soft keys to enable mixer 
mode and set up the LO: 

CHANGE APPLICATION SETUP 
DEVICE TYPE = MIXER 
Appl/LO/RECEIVER SETUP 
LO IS SOURCE = 2 
LO CW MODE = ON 
LO CW FREQUENCY = 1000 MHz 
RCVR CONVERSION = NONE 
RETURN 

7. Connect the mixer to measure (I F to Port 2, RF to Port 1, LO to Port 3). 

8. Select I FBW/Averaging to suit. 


S21 TRANSMISSION 


TRRNSNISSION/REFLECTION 


SELECT FILENAME 


LOG MAGNITUDE 


►REF=-25.008 dB 5.000 dB/DIU 


tllXISO 



ABCDEFGHIJKLM 
NOPQESTUVHXY2 
01234567S9()- 


!«$S& 


* ? : \ . SP 

T 

BKSP CLR DONE 


TURN KNOB 
TO INDICATE 
CHARACTER 
OR FUNCTION 

PRESS <ENTER> 
TO SELECT 

NUMBERS MAV 
BE SELECTED 
USING KEYPAD 

PRESS <CLEAR> 
TO ABORT 


Figure4'54. Mixer Isolation asa Function of LO Drive 
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Example 6: 
Swept Power 
Harmonic 
Measurements 

Option 8 


Since harmonic output is often a strong function of drive power, this measure¬ 
ment may be used as a coarse analysis of distortion. Both scalar and en¬ 
hanced measurements are possible where scalar measurements are often 
made with trace memory normalization to achieve values relative to the fun¬ 
damental. The enhanced calibration removes the effects of source harmonics. 
Since the source harmonics are a function of power level, it is critical that 
this calibration be performed while in power sweep mode. 

Figure 4-55 illustrates a simple scalar harmonic measurement. Trace mem¬ 
ory normalization was used to produce the desired relative output (memory 
stored when harmonic=l, then switch to harmonic=2). As in frequency sweep, 
low level scalar harmonic measurements may be limited by source harmonics, 
but these are quick measurements to make. 


1. To select transmission and reflection mode, press the AppI front panel key 
and select the menu soft keys as follows: 

CHANGE APPLICATION SETUP 
MEASUREMENT TYPE 
TRANSMISSION AND REFLECTION 

2. Press the following front panel keys and select the following menu soft 
keys: 

Display/DISPLAY MODE/SINGLE CHANNEL 
Display/GRAPH TYPE/LOG MAGNITUDE 
Meas/S21 

3. To configure the MS462XX for Power Sweep, press the following front 
panel and soft keys: 


NOTE 

Make sure SOURCE is 
selected in HARMONIC 
SWEEP mode, not CW 
RCVR. 


Freq/CW MODE=ON [1 GHz] 

Sweep/POWER SWEEP 
Power/SELECT SOURCE = 1 
START = -15 dBm 
STOP = +5 dBm 

4. Press the AppI front panel key and the following soft keys to select swept 
harmonics: 

CHANGE MEASUREMENT TYPE/HARMONIC 
SWEEP MODE/SOURCE 
HARMONIC SETUP/HARMONIC = 1 
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5. With the DUT connected, press the foil owing front panel and soft keys for 
normalization: 

Display/TRACE MEMORY/STORE DATA TO MEMORY 
DATA(/) MEMORY 

6. Select Harmonic2 by pressing the following front panel and soft keys: 

Appl/HARMONIC SETUP/HARMONIC = 2 

7. Select IF bandwidth or averaging by pressing the foil owing front panel 
and soft keys: 

Avg/SELECT IF BANDWIDTH 

Figure 4-55 presents a scalar second harmonic measurement of an amplifier. 
The results are in dBc relative to the fundamental due to a trace memory 
normalization. 


HS21 IRflNSmSSION HflRM0NIC=2 

OUTPUT FUNDRtlENTftL 

LOG MAGNITUDE >REF= 0.000 dBc 20.000 dB/DIV 



Figure4-55. Scalar Second Harmonic Measurement of an Amplifier 
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Example 7: 
Enhanced Sec¬ 
ond Harmonic 
Measurement of 
an Amplifier 

Option 8 


This example shows the application of the harmonic enhancement cal within 
power sweep. As with the frequency sweep version, the enhancement cal re¬ 
moves the effects of source harmonics in a vector fashion. The second har¬ 
monic of an amplifier is shown in Figure 4-56. If a scalar measurement were 
used on this amplifier, the error would have been 2-3 dB at the low end. Ap¬ 
proximately 60 dB of dynamic range is available when using this calibration. 

This example builds on the previous example for Swept Power Harmonic 
Measurements and assumes the MS462XX is already in Power Sweep mode. 

1. Press the following front panel and soft keys: 

Freq/CW MODE=ON [1.120 GHz] 

Appl/HARMONIC SETUP/DISPLAY OUTPUT RELATIVE TO OUTPUT 
FUNDAMENTAL 

HARMONIC = 2 

Meas/S21 

2. To set the power sweep values, press the foil owing front panel and soft 
keys: 

Power/SELECT SOURCE = 1 
START = -15 dBm 
STOP = +5 dBm 

3. For performance enhancement, press the following front panel and soft 
keys: 

Cal/CALIBRATE/ENHANCEMENT CAL 

4. Connect a thru line between port 1 and port 2. 

MEASURE DEVICE 

5. Connect a short to port land port 2. 

MEASURE DEVICE NEXT CAL STEP EXIT 

6. Connect the DUT between port 1 and port 2 and select the appropriate IF 
bandwidth or averaging by pressing: 

Avg/SELECT IF BANDWIDTH 

Figure 4-56, page 4-96, shows an enhanced second harmonic measurement of 
an amplifier. The results are referenced, as is common, to the output 
fundamental. 
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HS21 TRANSMISSION HRRM0NIC=2 

OUTPUT FUNDRMENTRL 

LOG MAGNITUDE >REF= 0.000 dBc 20.000 dB/DIV 



Figure4'56. Enhanced Second Harmonic Measurement of an Amplifier 
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Example 8: 
Swept Power 
IMD and Mixer 
IMD 

Measurements 
Option 8 


NOTE 


Make sure SWEEP 

MODE is set 

to 

SOURCE, not 

CW 

RCVR. 



NOTE 

Avoid specifying offsets 
that are multiples of 125 
kHz. These frequencies 
may create an image 
problem if the IMD prod¬ 
ucts to be observed are 
very small. Verify IMD 
products before mea¬ 
surements by connect¬ 
ing a thru between the 
combining network and 
Port 2. Changing the off¬ 
set frequency by as little 
as 1 kHz can improve the 
IMD performance. 


All IMD products and intercepts can be computed during a power sweep and 
can provide a powerful tool for distortion analysis. Receiver cal and IM D cal 
are aval I able for use in input-referred measurements. The IMD cal should be 
performed while in power sweep. It is often useful to examine IMD products 
versus power, si nee they rarely follow the simplistic linear power dependence 
due to the presence of multiple non-linearities of a given order and the inter¬ 
action of different order non-linearities. 

The first example in this section is of the third through ninth 
intermodulation products (odd orders only) of an amplifier. A receiver cal was 
used for this measurement. Above about -5 dBm input power, this amplifier 
is extremely non-linear as is evidenced by the magnitude of the 
intermodulation products. The shapes of the higher order product curves dur¬ 
ing power sweep are of particular interest in optimizing amplifier 
performance. 

This example assumes the previous examples have been done and the 
MS462XX is in Power Sweep mode. 

1. To select IMD mode, press the AppI front panel key and select the menu 
soft keys as follows: 

CHANGE APPLICATION SETUP 
MEASUREMENT TYPE/IMD 

2. Toset theCW frequency, press the following front panel and soft keys: 

Freq/CW MODE=ON [1 GHz] 

3. Press the AppI front panel key and the foil owing soft keys: 

SWEEP MODE = SOURCE 
DISPLAY SELECTION/PRODUCT 
MEASURE RELATIVE TO TONE 1 
OUTPUT = REFERENCE 
RETURN 

TONE 2 OFFSET = 1 MHz 

4. Connect a combiner inputs to port 1 and port 3, and the DUT output to 
port 2. 

5. To set up swept power, press the following front panel and soft keys: 

Power/SELECT SOURCE = 1 
START = -15 dBm 
STOP = +5 dBm 

6. To configure the display, press the foil owing front panel and soft keys: 

Display/DISPLAY MODE/FOUR CHANNELS 
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I . Press the Ch 1 and AppI front panel keys and select the foil owing menu 
soft keys: 

IMDORDER = 3 

8. Press the Ch 2 then the AppI front panel keys and select the following 
menu soft keys: 

IMDORDER = 5 
SWEEP MODE = SOURCE 
DISPLAY SELECTION/PRODUCT 
MEASURE RELATIVE TO TONE 1 
OUTPUT = REFERENCE 
RETURN 

TONE 2 OFFSET = 1 MHz 

9. Press the Ch 3 and AppI front panel keys and select the following menu 
soft keys: 

IMDORDER = 7 
SWEEP MODE = SOURCE 
DISPLAY SELECTION/PRODUCT 
MEASURE RELATIVE TO TONE 1 
OUTPUT = REFERENCE 
RETURN 

TONE 2 OFFSET = 1 MHz 

10. Press the Ch 4 and AppI front panel keys and select the following menu 
soft keys: 

IMDORDER = 9 
SWEEP MODE = SOURCE 
DISPLAY SELECTION/PRODUCT 
MEASURE RELATIVE TO TONE 1 
OUTPUT = REFERENCE 
RETURN 

TONE 2 OFFSET = 1 MHz 

II. Press the Display front panel key and select the following menu soft keys: 

GRAPH TYPE/LOG MAGNITUDE 
SCALE/RESOLUTION = 20 dB/div 

12. Select IF BW/Averagi ng to suit. 
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Figure 4-57 shows the third through ninth (odd) order intermodulation prod¬ 
ucts of an amplifier. Two equal tones were applied (X-axis refers to the power 
of tone 1) with a tone 1 frequency of 1 GH z. 



Figure4'57. Third Through Ninth (odd) Order I ntermodulation Products of an Amplifier 
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Example 9: 
Input 
Referenced IPS 

Option 13 


NOTE 

Avoid specifying offsets 
that are multiples of 125 
kHz. These frequencies 
may create an image 
problem if the IMD prod¬ 
ucts to be observed are 
very small. Verify IMD 
products before mea¬ 
surements by connect¬ 
ing a thru between the 
combining network and 
Port 2. Changing the off¬ 
set frequency by as little 
as 1 kHz can improve the 
IMD performance. 


As is obvious, the curves in the previous example are not simple straight lines 
as expected from a naive analysis. This impacts the interpretation of an inter¬ 
cept calculation, which is a simple single point extrapolation, as shown in Fig¬ 
ure 4-58. The displayed intercept is calculated from the intermodulation 
product (and main tone power) at that given power point using a linear 
model. For this reason, the intermodulation product curves of Figure4-57 are 
often preferred for analysis. 

1. To configure the display, press the foil owing front panel and soft keys: 

Display/DISPLAY MODE/SINGLE CHANNEL 
Freq/CW MCDE CN = 1 GHz 

2. Press the AppI front panel key and select the following menu soft keys to 
set up the IP3 requi rements: 

TGNE 2 GFFSET = 1 MHz 
IMDGRDER = 3 

DISPLAY SELECTIGN = INTERCEPT 
RELATIVE TC TCNE 1 
MEASURE REFERENCE = INPUT 
RETURN 

3. Press the Power front panel key and select the following menu soft keys 
to configure power sweep: 

SELECT SCURCE = 1 
START = -15 dBm 
STCP = +5 dBm 
SELECT SCURCE = 2 
START = -15 dBm 
STCP = +5 dBm 

4. Connect a thru line from the output of the combiner to port 2. 

5. Press the Cal front panel key and select the following menu soft keys to 
perform an IM D cal: 

PERFCRM CAL 
IMD CAL 

MEASURE DEVICES 
EXIT 

6. Connect the DUT between the combi ner and port 2. 

7. Select I FBW/Averaging to suit. 
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Figure4-58 shows an input-referred third order intercept point plot where 
thelMD calibration was done while in power sweep. If the amplifier was 
non-linear, this power sweep would be flat. As the power level increases, the 
extrapolation used in computing the intercept becomes increasingly power 
dependent. 


INTERCEPT INTERM0DULfiTI0N3 

INPUT TONEI 

LOG MRGNITUDE ►REF= 0.000 dBm 10.000 dB/DIU 



Figure4'58. I nput-Referred Third Order I ntercept Point Plot 
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Example 10: 
IMD Products 

Option 13 


NOTE 

Avoid specifying offsets 
that are multiples of 125 
kHz. These frequencies 
may create an image 
problem if the IMD prod¬ 
ucts to be observed are 
very small. Verify IMD 
products before mea¬ 
surements by connect¬ 
ing a thru between the 
combining network and 
Port 2. Changing the off¬ 
set frequency by as little 
as 1 kHz can improve the 
IMD performance. 


I n both of the previous examples, tone 1 and tone 2 swept over the exact same 
power ranges. Sometimes, a more general sweep is desired (may be required 
by a given standard) and almost any linear relationship is possible (as long as 
both sources remain in their respective ALC control ranges). Figure4-59 con¬ 
tains a plot of the third order IMD product when source 2 sweeps at a fixed 
offset of -5 dB relative to source 1.11 is possi ble for the sources to sweep over 
entirely different ranges, with different step sizes, as long as the number of 
power points are the same. Both IMD products are shown in Figure 4-59 
si nee they will not be the same in this case. The upper curve is the upper 
sideband (relative to tone 1) whilethe lower curve isthe lower sideband rela¬ 
tive to tone 2. The effect of the asymmetry is quite clear in this example. 

1. I n IM D power sweep, configure the CW frequency to 1.12 GHz, and con¬ 
figure the IMD setup and display as follows: 

Freq/CW MODE = ON (1.12 GHz) 

Appl/TONE 2 OFFSET = 3 MHz 
CHI 

DISPLAY SELECTION = PRODUCT 
RELATIVE TO TONE 2 
MEAS REFERENCE = OUTPUT 
CH3 

DISPLAY SELECTION = PRODUCT 
RELATIVE TO TONE 2 
MEAS REFERENCE = OUTPUT 
Display/DISPLAY MODE/DUAL CHANNELS 1&3 
Display/GRAPH TYPE/LOG MAGNITUDE 
CHI 

Display/GRAPH TYPE/LOG MAGNITUDE 

2. Configure power sweep by pressing: 

Power/SELECT SOURCE = 1 
START = -10 dBm 
STOP = +5 dBm 
SELECT SOURCE = 2 
START = -15 dBm 
STOP = 0 dBm 

3. Connect combiner inputs to port 1 and port 3, and the DUT output to 
port 2. 

4. Select I FBW/Averaging to suit. 


4-102 


MSieiXXMG 







APPLICATIONS 


GLOBAL POWER SWEEP 


Figure 4-59, page 4-103, shows the upper and lower IM D3 products for asym¬ 
metric drive. Tone 2 is swept at a -5 dB offset relative to tone 1, although any 
linear relationship is allowed. 



Figure4'59. Upper and Lower IM D3 Products for Asymmetric Drive 
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Example 11: 
IMD 3 for a Pas¬ 
sive Mixer 

Option 13 


NOTE 

Avoid specifying offsets 
that are multiples of 125 
kHz. These frequencies 
may create an image 
problem if the IMD prod¬ 
ucts to be observed are 
very small. Verify IMD 
products before mea¬ 
surements by connect¬ 
ing a thru between the 
combining network and 
Port 2. Changing the off¬ 
set frequency by as little 
as 1 kHz can improve the 
IMD performance. 


NOTE 

Verify that the 10 MHz 
cable to the external syn¬ 
thesizer is connected. 


I n mixer IM D measurements, the RF will usually be swept, and the corre¬ 
spond! ng IM D/I P products observed. Someti mes it may be i nteresti ng to 
sweep the LO alone (or in combination with sweeping the RF) to observe the 
effects of LO starvation or due to some power coupling of the practical signal 
sources. I n all of the mixer examples to follow; a simple, passive doubly-bal¬ 
anced mixer was employed. Because of current control restrictions, the exam¬ 
ples are set up so that the external synthesizer is not sweeping power. 

Figure 4-60 shows the case of a fixed LO (source 3, an external synthesizer) 
at 900 MHz and -FlO dBm. The two RF tones, from sources 1 and 2, are swept 
(equal amplitude this time) and the IMD3 product is plotted. As might be ex¬ 
pected from the earlier conversion loss compression measurements, the dis¬ 
tortion increases significantly as the RF power gets within about 10 dB of the 
LO power for this passive mixer. 

1. I n IM D power sweep, configure the CW frequency to 1 GH z, configure the 
IMD setup and display as follows: 

Freq/CW MODE = ON (1 GHz) 

Appl/TONE 2 OFFSET = 3 MHz 
CHI 

IMD ORDER = 3 

DISPLAY SELECTION = PRODUCT 
RELATIVE TO TONE 1 
MEAS REFERENCE = OUTPUT 
Display/DISPLAY MODE/SINGLE CHANNEL 
Display/GRAPH TYPE/LOG MAGNITUDE 

2. Refer to the M ixer Setup Considerations on page 4-65, and Figure 4-44 on 
page 4-68. 

3. Verify Source 3 indicates ACTIVE configuration. This ACTIVE configura¬ 
tion requires a GPIB connection between the Dedicated GPIB of the 
MS462XX and the GPI B of the synthesizer. If Source 3 is not active, see 
the previous discussion for setup considerations. 

Config/SOURCE/SOURCE 3 = ACTIVE 

4. Connect 10 M H z reference from synthesizer to M S462XX. Transfer the 
Reference Frequency for the M S462XX from I nternal to External 

Utility/REAR PANEL/REFERENCE FREQUENCY = EXTERNAL 

5. Press the AppI front panel key and select the menu soft keys as follows to 
prepare the M S462XX for the measurement. 

CHANGE APPLICATION SETUP 
DEVICE TYPE = MIXER 
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6. E nsure that Tone 1 is Source 1, Tone 2 is Source 2, and LO is Source 3. In 
addition, verify that the Selection Mode is APPLY. 

SOURCE SELECTION 
TONE 1 IS SOURCE = 1 
TONE 2 IS SOURCE = 2 
LO IS SOURCE = 3 
SELECTION MODE = APPLY 
RETURN 

7. Proceed with LO / Receiver setup by selecting the AppI front panel key 
and select the menu soft keys as follows: 

LO / RECEIVER SETUP 

LO CW MODE = ON 

LO CW FREQUENCY = 900 MHz 

RCVR CONVERSION/DOWN 

RETURN 

8. Configure power sweep by pressing: 

Power/SELECT SOURCE = 1 
START = -15 dBm 
STOP = +5 dBm 
SELECT SOURCE = 2 
START = -15 dBm 
STOP = +5 dBm 
SELECT SOURCE = 3 
SINGLE POWER ON = +10 dBm 

9. Connect the combiner output to the DUT RF, source 3 to DUT LO, and 
port 2 to DUT IF, as shown in Figure 4-44 on page 4-68. 

10. Select IF BW/Averagi ng to suit. 

Figure 4-60 shows the IMD3 product for a passive mixer with fixed LO drive 
(-1-10 dBm). The two RF tones are swept as shown (equal amplitude). 
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INTERMODULflTION PRODUCT INTERI10DULRTI0N3 

OUTPUT TONEl 

LOG MAGNITUDE >REF= 0.000 dBc 20.000 dB/DIV 



Figure O^eO. IMD3 Product for a Passive Mixer with Fixed LO Drive (+10 dBm) 
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Example 12: 
IMD 3 Product 
for a Passive 
Mixer with 
Fixed RF Tones 


NOTE 

Avoid specifying offsets 
that are multiples of 125 
kHz. These frequencies 
may create an image 
problem if the IMD prod¬ 
ucts to be observed are 
very small. Verify IMD 
products before mea¬ 
surements by connect¬ 
ing a thru between the 
combining network and 
Port 2. Changing the off¬ 
set frequency by as little 
as 1 kHz can improve the 
IMD performance. 


NOTE 

Verify that the 10 MHz 
cable to the external syn¬ 
thesizer is connected. 


Another option is to fix the RF tones (at 1 GHz and 1.003 GHz respectively, 
-10 dBm each) and sweep the LO power. Sources 1 and 3 were used for the RF 
tones and source 2 was used as the LO in this case although that is not a re¬ 
quirement. Again an IF of 100 MHz is used for this example mixer. The LO 
sweep range is indicated in the menu at the right and although guaranteed 
port power is only -FlO dBm for this instrument, 15 dBm was available at this 
frequency (maximum power and frequencies at which they occur may vary). 
The distortion asymptotes to a reasonably low value as the LO drive reaches 
a sufficiently high level. 

1. I n IM D power sweep, configure the CW frequency to 16 GH z, configure 
the IMD setup and display as follows: 

Freq/CW MODE = ON (1 GHz) 

Appl/TONE 2 OFFSET = 3 MHz 
CHI 

IMD ORDER = 3 

DISPLAY SELECTION = PRODUCT 
RELATIVE TO TONE 1 
MEAS REFERENCE = OUTPUT 
Display/DISPLAY MODE/SINGLE CHANNEL 
Display/GRAPH TYPE/LOG MAGNITUDE 

2. Refer to the M ixer Setup Considerations on page 4-65, and Figure 4-44 on 
page 4-68. 

3. Verify Source 3 indicates ACTIVE configuration. This ACTIVE configura¬ 
tion requires a GPIB connection between the Dedicated GPIB of the 
MS462XX and the GPI B of the synthesizer. If Source 3 is not active, see 
the previous discussion for setup considerations. 

Config/SOURCE/SOURCE 3 = ACTIVE 

4. Connect 10 M H z reference from synthesizer to M S462XX. Transfer the 
Reference Frequency for the M S462XX from I nternal to External 

Utility/REAR PANEL/REFERENCE FREQUENCY = EXTERNAL 

5. Press the AppI front panel key and select the menu soft keys as follows to 
prepare the M S462XX for the measurement. 

CHANGE APPLICATION SETUP 
DEVICE TYPE = MIXER 
MEASUREMENT TYPE/IMD 
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GLOBAL POWER SWEEP 


APPLICATIONS 


6. Ensure that Tone 1 is Source 1, Tone 2 is Source 2, and LO is Sources. I n 
addition, verify that the Selection Mode is APPLY. 

SOURCE SELECTION 
TONE 1 IS SOURCE = 1 
TONE 2 IS SOURCE = 2 
LO IS SOURCE = 3 
SELECTION MODE = APPLY 
RETURN 

7. Proceed with LO / Receiver setup by selecting the AppI front panel key 
and select the menu soft keys as follows: 

LO/RECEIVER SETUP 

LO CW MODE = ON 

LO CW FREQUENCY = 1003 MHz 

RCVR CONVERSION/DOWN 

RETURN 

8. Configure power sweep by pressing: 


NOTE 

+ 15 dBm may not be 
possible with some mod¬ 
els. Reduce the level as 
necessary. 


Power/SELECT SOURCE = 2 
START = -5 dBm 
STOP = +15 dBm 
SELECT SOURCE = 1 
SINGLE POWER ON = -10 dBm 
SELECT SOURCE = 3 
SINGLE POWER ON = -10 dBm 

9. Connect port 1 and Source 3 to the combiner inputs. 


10. Connect the combiner output to the DUT RF. 

11. Connect port 3 to the DUT LO. 


12. Connect port 2 to the DUT IF. 


13. Select IF BW/Averagi ng to suit. 


Figure 4-61, page 4-109, shows the IM D3 product for a passive mixer with 
fixed RF tones (-10 dBm). The LO power is swept from -5 to -Fl5 dBm and all 
frequencies are CW. 
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GLOBAL POWER SWEEP 


INTERtlODULflTION PRODUCT INTERM0DULfiTI0N3 

OUTPUT TONEl 

LOG MAGNITUDE >REF=0.000 dBc 20.000 dB/DIV 



POWER 

SELECT SOURCE 

START 

-5.00 dBm 

STOP 

15.00 dBm 

SET CENTER/SPAN 

►STEPSIZE 
1.00 dBm 

SINGLE POWER OFF 

SOURCE SETUP 

MORE 

21 DATA POINT(S) 


Figure4'61. I MD3 Product for a Passive Mixer with Fixed RF Tones (-10 dBm) 
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Chapter 5 

Balanced Measurements 

5-1 INTRODUCTION 

The M S462XX is capable of balanced S-parameter measurements for both 
three-port and four-port applications. This chapter contains discussions, ex¬ 
amples, and procedures related to the following applications: 

□ Three-Port Balanced Measurement of M ixed Mode S-parameters 

□ Four-Port Balanced Measurement of Mixed Mode S-parameters 

Each application discussion provides a typical measurement result and the 
procedures used to achieve this result. For more information, refer to the fol¬ 
lowing Anritsu Application Notes: 

□ Three and Four Port S-parameter Measurements (11410-00279) 

□ E mbeddi ng/De-embeddi ng (11410-00278) 

□ Arbitrary 1 mpedance (11410-00284) 

5-2 THREE-PORT 

BALANCED 

MEASUREMENT 

This section shows how to extract M ixed Mode S-parameters from a 
three-port balanced device, in this case a balun. A balun is a network or de¬ 
vice used for the transformation from a balanced transmission line or system 
to an unbalanced line or system, or vice versa. 

It is important that the single-ended port of the device under test (DUT) be 
connected to Port 1 of the MS462XX and the remaining ports connected to 
Ports 2 and 3 of the MS462XX (see Figure 5-1). 

The three-port Mixed Mode S-parameters are: 

S1D S1C SD1 SC1 SDD SCC SDC SCD 
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THREE-PORT BALANCED MEASUREMENT BALANCED MEASUREMENTS 


For three-port balanced measurements, it is crucial that the unbalanced port 
of the DUT be connected to Port 1 of the VNA. 



Figure5-1. Three-Port Balanced Measurement Setup 

(I nduding differential and common-mode virtual-node designators) 

To perform a three-port balanced measurement of M ixed Mode S-parameters: 

1. Perform a three-port calibration (refer to Section 3-6). 

2. Connect the DUT as shown in Figure 5-1. Make surethat the unbalanced 
port of the device is connected to Port 1 of the M S462XD. 

3. Select CFI1 and press the Meas front panel key. 

4. Sel ect t he men u soft keys as fol I ows: 

S21, TRANS b2/a1 

5. Press the Display front panel key and the fol lowing menu soft keys: 

GRAPH TYPE/MORE/LINEAR MAGNITUDE AND PHASE. 

6. Select CH2 and press the Meas front panel key. 

7. Sel ect t he men u soft keys as fol I ows: 

MIXED MODE S-PARAMETER/SD1 DIFF. MODE 

8. Press the Display front panel key and the fol lowing menu soft keys: 

GRAPH TYPE/MORE/LINEAR MAGNITUDE AND PHASE. 

9. Select CHS and press the Meas front panel key. 

10. Select the menu soft keys as follows: 

MORE/S31 
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BALANCED MEASUREMENTS THREE-PORT BALANCED MEASUREMENT 


11. Press the Display front panel key and the following menu soft keys: 

GRAPH TYPE/MORE/LINEAR MAGNITUDE AND PHASE. 

12. Select CH4 and press the Meas front panel key. 

13. Select the menu soft keys as follows: 

MIXED MODE S-PARAMETER/SC1 COMMON MODE. 

14. Press the Display front panel key and the following menu soft keys: 

GRAPH TYPE/MORE/LINEAR MAGNITUDE AND PHASE. 

15. Press the Marker front panel key and the following menu soft keys: 

READOUT MARKERS/1 = ON 

16. E nter 998.35 M H z for the frequency. 

17. Press the Marker front panel key and the following menu soft keys: 

SCREEN DISPLAY = ON 

Figure 5-2 shows that S21 and S31 have nearly the same magnitude and are 
approximately 180 degrees out of phase, which is typical of baluns. As would 
be expected of a differential device, SDl is large in magnitude and SCI is 
small. 
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Figure5-2. Three-Port Balanced Measurement Results 
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FOUR-PORT BALANCED MEASUREMENT BALANCED MEASUREMENTS 


5~3 FOUR-PORT A four-port balanced measurement setup is similar to a three-port balanced 

BALANCED measurement with the exception of the M ixed M ode S-parameter choices. 

MEASUREMENT 


Connect the device under test as shown in Figure 5-3. 



Figure5-3. Four-Port Balanced Measurement Sdiup 

(I nduding differential and common-mode virtual-node designators) 


NOTE 

In four-port balanced 
measurements, it is im¬ 
portant that balanced 
Port 1 is connected to 
Ports 1 and 2 of the 
MS462XD, and bal¬ 
anced Port 2 is con¬ 
nected to Ports 3 and 4 of 
the MS462XD. 


To perform a four-port balanced measurement of M ixed Mode S-parameters: 

1. Perform a four-port calibration (refer to Section 3-8). 

2. Connect the OUT as shown in Figure 5-1. Make surethat the unbalanced 
port of the device is connected to Port 1 of the M S462xD. 

3. Select CFI1 and press the Meas front panel key. 

4. Select the menu soft keys as follows: 

S21, TRANS b2/a1 

5. Press the Display front panel key and the fol lowing menu soft keys: 

GRAPH TYPE/MORE/LINEAR MAGNITUDE AND PHASE. 

6. Select CH2 and press the Meas front panel key. 


7. Select the menu soft keys as fol lows: 

MIXED MODE S-PARAMETER/MORE 
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BALANCED MEASUREMENTS FOUR-PORT BALANCED MEASUREMENT 


Thefcxir-port S-parameters begin with SDIDI Differential McxJeand end 
with SC2D2 Mode Conversion. There are 16 Mixed Mode S-parameters for a 
balanced four port as well as 16 unbalanced S-parameters. The 16 Mixed 
Mode S-parameters are: 


SD1D1 

SC1C1 

SD1C1 

SC1D1 

SD1D2 

SC1C2 

SD1C2 

SC1D2 

SD2D1 

SC2C1 

SD2C1 

SC2D1 

SD2D2 

SC2C2 

SD2C2 

SC2D2 
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BALANCED MEASUREMENTS 


BALANCED PARAMETERS 


5"4 BALANCED Balanced Parameter data, designated MnP data, can be obtained in a similar 

PARAMETERS manner as S-parameter data. To extract the Balanced Parameter data: 

1. Press the Hard Copy front panel key and the foil owing menu soft keys: 

OUTPUT DEVICE/DISK FILE 
RETURN 

OUTPUTSETUP1 
DESTINATION = FLOPPY DISK 

FORMAT = SnP OPTIONS (S1P, S2P, S3P, S4P, MSP, or M4P) 

RETURN 

PRINT 

Like SnP data, MnP data will result in magnitude and angle information for 
three-port balanced devices (MSP data) and four-port balanced devices (M4P). 
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BALANCED MEASUREMENTS 


IMPEDANCE TRANSFORMATION 


5~5 IMPEDANCE The I mpedance Transformation function addresses the real ity that balanced 

TRANSFORMATION devices may not have 50 Ohm impedances on each single-ended leg. A bal¬ 
anced imp^ance is considered to be divided equally between the ports. For 
example, a device with a balance impedance of 150 Ohms on balanced port 1 
has 75 Ohms impedance on each leg of the balanced port. To apply I mped¬ 
ance Transformation to a three-port device with one balanced port of 150 
Ohms: 


1. Press the Config front panel key and the following menu soft keys: 


NOTE 

Pseudo-wave and power 
wave are different S-pa- 
rameter representations, 
each used in some simula¬ 
tors, that can affect the Im¬ 
pedance Transformation if 
the reference impedances 
Zi are not real. The 
pseudo-wave representa¬ 
tion is physical. The power 
wave representation is not 
physical, but is a visualiza¬ 
tion tool to help analyze 
power flows in some cir¬ 
cuits. When Z is not real, 
the transformations can dif¬ 
fer radically. For more de¬ 
tailed information on 
pseudo-wave and power 
wave, refer to the Anritsu 
Arbitrary Impedance Appli¬ 
cation Note, part number 
11410-00284. 


IMPEDANCE TRANSFORMATION/ PORT = 1 
RESISTIVE TERM = 50 Ohms 
REACTIVE TERM (j) = 0 Ohms 
IMPEDANCE TRANSFORMATION/ PORT = 2 
RESISTIVE TERM = 75 Ohms 
REACTIVE TERM (j) = 0 Ohms 
IMPEDANCE TRANSFORMATION/ PORT = 3 
RESISTIVE TERM = 75 Ohms 
REACTIVE TERM (j) = 0 Ohms 
COMPUTATION METHOD = PSEUDO-WAVE 
2. To apply the define I mpedanceTransformation press the menu soft key: 
IMPEDANCE TRANSFORMATION = ON 


5-7 


MS462XXMG 







IMPEDANCE TRANSFORMATION 


BALANCED MEASUREMENTS 


Figure 5-4 shows the same DUT as the previous example with Impedance 
Transformation applied. 


Sll REFL 1 T/R SDl DIFF. LOG tIflQ. T/R 




NTWK EMBEDDING 
DE-EMBEDDIMG 


EMBEDDING/ DM 
DE-EMBEDDIMG 

SflUE/RECfiLL SETUP 

SELECT DUT TYPE 
2 PORT 

►3 FORT 


M PORT 


CLEAR ALL 
COMPOSITE HTMKS 

HELP OFF 


RETURN 


Figure5-4. I mpedanceTransformation and Embedding/ De-Embedding (seenext section) Applied 
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BALANCED MEASUREMENTS 


EMBEDDING AND DE-EMBEDDING 


5-6 EMBEDDING AND 
DE-EMBEDDING 


NOTE 

Within the E/DE feature, 
press HELP = ON to view 
detailed instructions and 
information. 


NOTE 

E/DE networks are 
stored in dynamic mem¬ 
ory and are not main¬ 
tained if the VNMS is 
turned off. Select SAVE 
on the E/DE Function 
menu to save networks 
on a floppy disk. 


Because it is important to know the S-parameter data of the DUT, and the ef¬ 
fects of adding or removing test fixtures or transmission lines to the DUT, the 
MS462XX has an Embedding and De-embedding (e/de) feature. This feature 
makes it possible to movethecalibrated VNAs error reference piane(s) to a 
different position by mathematically adding (embedding) or removing (de-em¬ 
bedding) certain structures from the measured data. Multiple networks can 
be cascaded on any unbalanced or balanced port so it is crucial that order of 
entry be kept in mind. Networks are entered starting at the DUT planes and 
worki ng out toward the M S462XX. Two-port networks are grouped together, 
as are four-port networks, and the two-port networks are placed closest to the 
DUT. 

The following example illustrates how embedding and de-embedding is ap¬ 
plied to a three-port balanced device. T-line segments are de-embedded from 
each port, then a circuit network is embedded onto the balanced port. 

1. Perform an OSLT three-port calibration (refer to Section 3-6). 

2. Set the screen to display the S-parameters that would be affected by em¬ 
bedding or de-embedding. 

3. Press the Config front panel key and the following menu soft keys to set 
T-Line parameters for Port 1 of the DUT: 

NTWK EMBEDDING/DE-EMBEDDING 
SELECT DUT TYPE = 3 PORT 
SELECT PORT P1 


On the MS462XX display, ADD ON TO NTWKS should be highlighted in red 
since PI has no existing network present. 


NOTE 

If the APPLY is success¬ 
ful, the screen will mo¬ 
mentarily display the 
message: 

“Apply Network Suc¬ 
cessful.” 


DE-EMBEDDING 

SELECT NTWK GENERATION METHOD/CIRCUIT TOPOLOGY = 
T-LINE SECTION/ TIME = 100 PS 

APPLY 

RETURN 

RETURN 
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EMBEDDING AND DE-EMBEDDING 


BALANCED MEASUREMENTS 


4. To set T-Line parameters for Port 2 oftheDUT, press the foil owing menu 
soft keys: 

NTWK EMBEDDING/DE-EMBEDDING 
SELECT DUT TYPE = 3 PORT 
SELECT PORT P2 
DE-EMBEDDING 

SELECT NTWK GENERATION METHOD/CIRCUIT TOPOLOGY = 
T-LINE SECTION/ TIME = 92 PS 

APPLY 

RETURN 

RETURN 

5. To set T-Line parameters for Port 3 of the DUT, press the foil owing menu 
soft keys: 

NTWK EMBEDDING/DE-EMBEDDING 
SELECT DUT TYPE = 3 PORT 
SELECT PORT P3 


NOTE 

To check the embedding 
or de-embedding net¬ 
works applied at each 
port, SELECT PORT = 
P1 and press EM- 
BEDDING/DE-EM- 
BEDDING LOG. 


Again, ADD ON TO NTWKS should be highlighted in red, as P3 has no exist¬ 
ing network present. 

DE-EMBEDDING 

SELECT NTWK GENERATION METHOD/CIRCUIT TOPOLOGY = 
T-LINE SECTION/ TIME =92 PS 

APPLY 

RETURN 

RETURN 

RETURN 

6. ToapplytheT-Linesections to the measured data, press the menu soft 
key: 

EMBEDDING/DE-EMBEDDING = ON. 


The system will takea moment to calculate and apply the Embedding/De-em- 
bedding correction to the measured data, and an indicator will be present on 
the screen. 


To embed a circuit network onto the DUT follow the procedure below. 

7. Press the foil owing menu soft keys: 

EMBEDDING/DE-EMBEDDING = OFF 
SELECT DUT TYPE = 3 PORT 
SELECT PORT P2-P3 
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EMBEDDING AND DE-EMBEDDING 


NOTE 

Selecting MODIFY LAST 
NTWK will allow 
changes to existing net¬ 
works. ADD ON TO 
NTWKS will append a 
new network onto the 
last network added away 
from the DUT. 


ADD ON TO NTWKS should be highlighted in red on the display as the bal¬ 
anced port P2-P3 has no existing network at this time. 

EMBEDDING 

SELECT NTWK GENERATION METHOD/CIRCUIT TOPOLOGY 

INDUCTANCE = 30 nH 

CAPACITANCE 1 = IF 

CAPACITANCE 2 = IF 

APPLY 

RETURN 

RETURN 

RETURN 

8. To apply the circuit topology, press the menu soft key: 


EMBEDDING/DE-EMBEDDING = ON. 


F igures 5-5 and 5-6 show the effects of applyi ng the ci rcuit and the T-l i ne sec¬ 
tion de-embedded in the earlier example to the DUT. 


Sll REFL 1 T/R SDl DIFF. LOG tIflQ. T/R 



SID DIFF. LOG tIfiG. T/R SDD DIFF. 1 CHN-1 T/R 



NTWK EMBEDDING 
DE-EMBEDDING 

►EMBEDDING/ OFF 

DE-EMBEDDIHG 

SflUE/RECfiLL SETUP 

SELECT DUT TYPE 

2 FOPT 

3 FOPT 

M FOPT 

CLEAR ALL 
COMPOSITE HTWKS 

HELP OFF 


RETURN 


Figure 5-5. Em/ Deisturned off and no matching or impedance transformations are applied. 
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BALANCED MEASUREMENTS 


Sll REFL 1 T/R SDl DIFF. LOG tIflQ. T/R 



SID DIFF. LOG tIfiG. T/R SDD DIFF. 1 CHN-1 T/R 



NTWK EMBEDDING 
DE-EMBEDDIMG 


EMBEDDING/ DM 
DE-EMBEDDIMG 

SflUE/RECftLL SETUP 

SELECT DUT TYPE 
2 PORT 

►3 FORT 


M PORT 


CLEAR ALL 
COMPOSITE HTMKS 

HELP OFF 


RETURN 


Figure 5-6. Matching network described in the text isapplied, with Em/ De turned on and impedance transformation ap¬ 
plied 


NOTE 

Figure 5-6 is matched 
with E/DE and Imped¬ 
ance Transformations 
applied 


Because several test fixtures may need to be used and characterized when 
measuring the DUT, each setup can be saved on the hard disk or a floppy disk 
for recall. To do this: 

I n the NTWK EMBEDDING/DE-EMBEDDING menu, press the menu soft keys : 

SAVE/RECALL SETUP 
SAVE or RECALL. 
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BALANCED MEASUREMENTS 


GROUP 


5"7 GROUP The GROUP feature allows the definition of four separate screen views with 

up to four S-parameters each in any display or graph type available. SeeSec- 
D Models Only tjon 2-9 of this manual for display choices. This allows access to viewing all 

16 Mixed Mode S-parameters, or any other combination, by cycling through 
each screen. To define the active screen as a GROUP 1: 

1. Press the Display front panel key and the following menu soft keys: 
DISPLAY MODE/ SELECT DISPLAY GROUP/GROUP 1 

Repeat until all the screens needed for quick access are defined as a group. 
For convenience, GROUP 1 through 4 are predefined into three categories 
called: 


□ SINGLE ENDED S-PARAMETERS 

□ BALANCED DIFFERENTIAL 

□ SINGLE ENDED BALANCED DIFFERENTIAL. 

To select these categories: 

2. Press the Display front panel key and the following menu soft keys: 

DISPLAY MODE/SELECT DISPLAY GROUP/SETUP S-PARAMS IN ALL 
CHANNELS 

To view the predefined S-parameter screen groupings: 

3. Press the Display front panel key and the following menu soft keys: 

DISPLAY MODE/SELECT DISPLAY GROUP/HELP = ON 

If the Balanced Differential Group Setup has been selected, the H ELP ON 
would show the 16 BALANCED Dl FFERENTIAL S-parameters. 

Any group can be redefi ned to fit specific preferences. 
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The CHANNEL KEYS can also be redefined to be GROUP keys for ease of 


- BALANCED DIFFERENTIAL S-PARAM SETUP - 

DISPLAY GROUP 1 DISPLAY GROUP 2 


S-PARAMS SETUP 
IN ALL CHANNELS 

SINGLE ENDED 
S-PARAMS 


Sdldl 


SdldS 



SdSdl 


Sd2d2 


Sdlcl 


Sdlc2 



Sd2cl 


Sd2c2 


►BALANCED 

DIFFERENTIAL 

SINGLE ENDED 
BALANCED DIFF 


DISPLAY GROUP 3 DISPLAY GROUP 4 


Scldl 


Scld2 



Sc2dl 


Sc2d2 


Sclcl 


Sclc2 



Sc2cl 


Sc2c2 


HELP ON 

RETURN 


Figures-?. Balanced Differential S-Paramd;er Groupings 

switching between screen groups. To redefine the CHANNEL KEYS: 

4. Press the Display front panel key and the following menu soft keys: 

DISPLAY MODE/ SELECT DISPLAY GROUP/ REDEFINE CHANNEL 
KEYS = GROUP 

Now CHI is GROUP 1,CH2 is GROUP 2, CH 3 is GROUP 3, andCH4is 
GROUP4. 
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BALANCED MEASUREMENTS 


INTERCHANNEL MATH 


5-8 INTERCHANNEL I nterchannel math is useful for amplitude and phase balance measurements. 
MATH To perform division between channels: 

1. Select CH 3 to view the results of the I NTERCHANNEL MATH and 
change the graph type by press! ng: 

Display/GRAPH TYPE/ LOG MAGNITUDE AND PHASE 

2. Press the Display front panel key and the following menu soft keys: 

INTERCHAN MATH/CHANNEL NUM FOR OPERAND1 = 1 
OPERAND 2 = 3 
INTERCHANNEL MATH = ON 

Once applied to the active channel, in this caseCH 3, the results of the math 
with INTERCHAN MATH APPLIED will be shown on the active channel. 

Figure 5-8 shows CH 2 with the results of S21/S31, which is 0 dB for a well 
balanced device and has 180 degrees phase. 
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331 TRANSMISSION 
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Figure5-8. I NTERCHANNEL MATH isON 
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Chapter 6 

Features 

6-1 INTRODUCTION 

This chapter contains discussions, examples, and procedures related tothe 
following additional features: 

□ H ard Copy and Disk Output 

□ Three-Port Measurements of a Diplexer 

□ TuneMode 

□ Test Sequences 

□ SCSI 

□ Markers 

□ Limit Lines 

□ Alternate Sweep 

□ Marker Sweep 

□ Other Features 

Chop 

Entry State 

SnP Data Outputs 

Many of the feature discussions present atypical measurement result, and 
the procedures document the steps used to achieve this typical measurement 
result. 

6-2 HARD COPY AND 
DISK OUTPUT 

1 n addition to the front panel LCD display, the M S462XX is capable of output 
ting measurement data to printers, plotters, and disk files in a variety of con¬ 

Standard Feature 

venient formats. Flexibility to choose between the desired output formats is 
provided by choosing the Hard Copy front panel key. Once the output format 
is chosen, the front panel Print key can be selected to format the data accord- 
i ng to the H ard Copy selections. 
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HARD COPY AND DISK OUTPUT 


FEATURES 


Output Device: 
Printer 


Output Device: 
Plotter 


Output Device: 
Disk File 


Selecting the Hard Copy key from the front panel oftheMS462XX will offer 
the following selections: 

□ Output Device: select between printer, plotter or disk file 

□ Output Setup: depending upon the device selection, a variety of 
options will be offered to further customize the output 

□ Output Headers Setup: offers flexibility to include additional in¬ 
formation, comments and logos to the output 

□ Output Options: provides capability to route tabular data from 
the hard disk or floppy disk to the output device 

□ Page Orientation: choose between portrait or landscape 

□ Stop Print: aborts the current print activity 

A connection between the printer and the MS462XX standard 25-pin parallel 
port printer is required. A variety of Thinkjet®, DeskJet® and Epson printers 
are supported. When using the printer, options are provided to print both 
graphical and tabular data via the Output Setup menu selections. 

A GPIB connection between a plotter and the MS462XX Dedicated GPIB is 
required. The protocol used to control plotters is H P-GL (Hewlett-Packard 
Graphics Language), which is capable of drawing only the data trace(s) so 
that multi pie traces may be drawn on a single sheet of paper. When using the 
plotter, options are provided to format plots in full or quarter sizes. 

When using the disk file as the output device, additional options are provided 
for specifying both the destination and the format. The options for destination 
choices include both hard disk and floppy disk, and the format choices include 
text, SnP, tabular data, bitmap, and H PGL. 

A popular format for interacting with simulators is the SnP format, so there 
are additional options for this format to further customize this output for a 
variety of preferences: 

□ SIP, S2P, S3P, S4P, M3P and M4P, where SnP are standard for¬ 
mats and the M nP files contains Mixed Mode S-parameters 

□ SnP Setups that offer specifying the Frequency Units in GHz, 
MHz, kHz or Hz 

□ SnP Setups that offer specifying the Output Format. In Linear 
Magnitude and Phase, Log Magnitude and Phase, or Real and 

I maginary outputs. 

This completes the procedure for outputting measurements to printers, plot¬ 
ters and disk files using the MS462xx. 
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THREE-PORT Calibration using the three-port calibration technique is available as Option 
DIPLEXER 3A for 3 GHz Source (B Models only), Option 3B for 6 GHz Source (B Models 

MEASUREMENTS only), and Option 6 (when using an external synthesizer). 


Option 3Afor 3 GHz 
Option 3B for 6 GHz 
Option 6 (when using 
an external synthe¬ 
sizer) The following display shows a typical three-port measurement of a dipiexer. 


T/R CH3i S13 TRANS 

LOG HRGNITUDE 
K REF= 0.000 dB 
15.000 dB/DIU 



CHI I S23 TRANS 
LOG MAGNITUDE 
K REE= 0.000 dB 
15.000 dB/DIU 


Figure6-1. Typical Three-Port Measurement of a Diplexer Example Display 
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THREE-PORT DIPLEXER MEASUREMENTS 


FEATURES 


The photo bdow illustrates a typical three-port diplexer hookup. 



Figure&-2. Three-Port Diplexer Hookup 

To perform a three-port diplexer measurement: 

1. Perform a three-port calibration for the desired frequency range (refer to 
Section 3-6). 

2. Connect the three ports of the diplexer to the three ports of the 
MS462XX,then press the following keys: 

Ch 1 

Display/GRAPH TYPE/LOG MAGNITUDE 
Ch 3 

Display/GRAPH TYPE/LOG MAGNITUDE 
Display/DISPLAY MODE/OVERLAY DUAL CHANNELS 1 & 3 
Ch 1 

Meas/S23 
Ch 3 

Meas/S13 
Ch 1 

Display/SCALE 
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THREE-PORT DIPLEXER MEASUREMENTS 


NOTE 

If measurement speed is 
the ultimate goal, in¬ 
crease the I.F. Band¬ 
width (Avg/SELECT I.F. 
BANDWIDTH), de¬ 
crease the Data Points 
(Config/DATA POINTS) 
and use Tune Mode 
(Sweep/TUNE MODE). 
Select Sweep to show 
the actual sweep time 
performance for the 
measurement. 


3. Specify the resolution for the display: 

RESOLUTION = 15dB/DIV 

4. Specify the reference Ii ne for the display: 

REFERENCE LINE = 7 
Oh 3 

Display/SCALE 

5. Specify the resolution for the display: 

RESOLUTION = 15dB/DIV 

6. Specify the reference I i ne for the display: 

REFERENCE LINE = 7 


This completes the procedure for performing a three-port measurement of a 
diplexer with the MS462XX. 
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6-4 TUNE MODE 

Standard Feature 


Tune Mode can dramatically increase the speed of a measurement by updat¬ 
ing forward S-parameters more frequently than reverse ones. A Tune Mode 
Count dictates the forward measurement count before the reverse measure¬ 
ment is performed, allowing for real-time tuning of a DUT. For the purpose of 
demonstration, theTune Mode feature is presented for a diplexer, but this 
feature is also applicable for two-port measurements. 


The following display shows a typical three-port measurement of a diplexer. 


CHI i 332 TRflNS T/R CH3i 322 REFL 

LOG MAGNITUDE LOG MAGNITUDE 

► REF= 0.000 dB ►REF= 0.000 dB 

15.000 dB/Diy 5.000 dB/Diy 



SNEER 


ALTERNATE OFF 
SNEER 


►TUNE NODE ON 

TUNE NODE COUNT 
25 SNEERS 
( 6 RENAINING) 

SNEER TINE 
30.0100 ms 

SNEER TINE NODE 
AUTO/HANUAL 


TRIGGERS 


NEASUREHENT 

ENHANCEMENT 


Figure6-3. Typical Three-Port Measurement of a Diplexer Example Display 

1. Perform a three-port calibration for the desired frequency range (refer to 
Section 3-6). 
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TUNE MODE 


FEATURES 


NOTE 

If measurement speed is 
the ultimate goal, in¬ 
crease the I.F. Band¬ 
width (Avg/SELECT I.F. 
BANDWIDTH), de¬ 
crease the Data Points 
(Config/DATA POINTS). 
Select Sweep to show 
the actual sweep time 
performance for the 
measurement. 


2. Connect the three ports of thediplexer to the three ports of the 
MS462XX,then press the following keys: 

Ch 1 

Display/GRAPH TYPE/LOG MAGNITUDE 
Ch 3 

Display/GRAPH TYPE/LOG MAGNITUDE 
Display/DISPLAY MODE/OVERLAY DUAL CHANNELS 1 & 3 
Ch 1 

Meas/S32 
Ch 3 

Meas/S22 
Ch 1 

Display/SCALE 

3. Specify the resolution for the display: 

RESOLUTION = 15dB/DIV 

4. Specify the reference I i ne for the display: 

REFERENCE LINE = 7 
Ch 3 

Display/SCALE 

5. Specify the resolution for the display: 

RESOLUTION = 5 dB/DIV 

6. Specify the reference I i ne for the display: 

REFERENCE LINE = 7 
Sweep 

TUNE MODE COUNT = 25 
TUNE MODE = ON 


This completes the procedure for demonstrati ng Tune M ode on a three-port 
measurement of a diplexer using the MS462XX. 
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TEST SEQUENCE 

Standard Feature 


A sequence of keystrokes can be stored in memory or on disk for later play¬ 
back, thus saving time on repetitive front panel operations. This feature is 
demonstrated by documenting a peak-to-peak ripple filter measurement. The 
following display shows the results of a peak-to-peak ripple filter measure¬ 
ment using a test sequence. 


S31 TRANSMISSION TRANSMISSION/REFLECTION 


LOG MAGNITUDE ► REF= -0.000 dB 1.000 dB/DIU 



Figure 6-4. Results of a Peak-to-Peak RippleFilter Measurement Example Display 

The setup for this measurement requires markers 1 and 2 to represent the 
bandwidth where the peak-to-peak measurement is performed. Markers 11 
and 12 are used to find the maximum and minimum values between markers 
1 and 2.1 n addition, a manual measurement should be performed such that 
the above display is observable. 

The following procedure documents the steps for creating a test sequence for 
the peak-to-peak measurement. 

1. Press the Seq front panel key and select the front panel keys and menu 
soft keys as follows: 

EDIT SEQUENCE/SEQUENCE 3 
Marker/AREF MODE OFF 

Freq/MARKER SWEEP/START SWEEP MARKER = 1 
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TEST SEQUENCE 


Freq/MARKER SWEEP/STOP SWEEP MARKER = 2 
Seq/CONTROL STATEMENT/WAIT FOR SWEEP COMPLETE 
Marker/SELECT AREF MARKER/MARKER 12 
Marker/READOUT MARKER 
MARKER TO PEAK/MARKER TO MIN 
Marker/SELECT AREF MARKER/MARKER 11 
Marker/READOUT MARKER 
MARKER TO PEAK/MARKER TO MAX 
Freq/MARKER SWEEP/RESTORE FULL SWEEP 
Marker/READOUT MARKER 
Marker/ AREF MODE ON 
Seq/DONE SEQUENCE EDIT 
2. Execute the peak-topeak measurement by selecting: 
Seq/EXECUTE SEQUENCE/SEQUENCE 3 

The following display shows the sequence editing window following a 
Seq/EDIT SEQUENCE/SEQUENCE 3selection. 


S32 TRANSMISSION 


LOG MAGNITUDE 


TRANSMISSION/REFLECTION 


►REF=0.000 dB 


1.000 dB/DIU 


EDIT/ m od S EQUE N CE J ; TRE SS DO N E S EQUE N CE TO E N D, 
CLEfiR/LOCfiL TOi DELETE, TURN KNOiB TO MOOE CURSOR. 


SEQUENCE OERS ION : |i^Q R1 2 /11 /TO 


A 




BEGlN OF SEQQkNCE 

DTT I MrtTtT riuul 


►REF'mode OFFI 
STHRT SUEEP OT MftRKER 1 
STOP SUEEP OT MftRKER 2 
UftIT FOR SUEEP COMPLETE 
REF MKR: MKR 12 
REftDOUT MftRKER 
MftRKER TO MIN 
REF MKR: MKR 11 
REftDOUT MftRKER 
3156 BVTES ftOftILftBLE 


K1 

K1 


1 750.000 000 MHz 


2 0B0.000 000 MHz 


EDIT 

SEQUENCE 


SEQUENCE 1 * 
SEQl 

SEQUENCE 2 * 
SEQ2 

►SEQUENCE 3 * 
RIPPLE 

SEQUENCE 1 
SEQM 

SEQUENCE 5 
SEQ5 

SEQUENCE 6 
SEQ6 

SEQUENCE 7 
SEQ7 


RETURN 


Figure6-5. Sequence Editing Window Example Display 
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TEST SEQUENCE 


FEATURES 


NOTES 

• Seq/UTI LITY/RENAME SEQUENCE allows names to be assigned to sequence numbers. 

• Whileediting a sequence, Seq/EDITING FUNCTIONS/CLEAR EDITING WINDOW clears the edit¬ 
ing window so that a command effect can be viewed. Seq/EDITING FUNCTIONS/RESTORE 
EDITING WIN DOW restores the edit! ng wi ndow so that more edit! ng can be performed. 

• While editing a sequence, Seq/EDITING FUNCTIONS/CANCEL SEQUENCE EDIT aborts the edit¬ 
ing sequence. Remove the editing window by selecting Seq/DONE SEQUENCE EDIT. 


The following table documents the contents of the Sequence Editing Window 
after completing the previous steps. 


Keystrokes 

Sequence Entry 

Marker/AREF MODE OFF 

REF MODE OFF 

Freq/MARKER SWEEP/START SWEEP MARKER = 1 

START SWEEP AT 

MARKER 1 XI 

Freq/MARKER SWEEP/STOP SWEEP MARKER = 2 

STOP SWEEP AT 

MARKER 2 X2 

Seq/CONTROL STATEMENT/WAIT FOR SWEEP COMPLETE 

WAIT FOR SWEEP 
COMPLETE 

Marker/SELECT AREF MARKER/MARKER 12 

REFMKR: MKR 12 

Marker/READOUT MARKER 

READOUT MARKER 

MARKER TO PEAK/MARKER TO MIN 

MARKER TO MIN 

Marker/SELECT AREF MARKER/MARKER 11 

REFMKR: MKR 11 

Marker/READOUT MARKER 

READOUT MARKER 

MARKER TO PEAK/MARKER TO MAX 

MARKER TO MAX 

Freq/MARKER SWEEP/RESTORE FULL SWEEP 

RESTORE FULL 

SWEEP 

Marker/A REF MODE ON 

REF MODE ON 

Marker/READOUT MARKER 

READOUT MARKER 


This completes the procedure documenting the steps for creating, editing, and 
executing a sequence for the peak to peak measurement. 
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6-6 EXTERNAL SCSI 

Standard Feature 


The MS462XX contains approximately 2 MB of non-volatile memory that acts 
as a virtual internal hard drive. An external SCSI-2 interface on the 
MS462XX rear panel allows an external hard drive to be used in place of the 
internal non-volatile memory. When an external hard drive is used, the 
MS462XX storage capacity is limited only by the size of the SCSI-2 hard 
drive, rather than the non-volatile memory. 


Figure 6-6 shows a typical di rectory of the M S462XX non-volatile memory. 



HARD 

DISK DIRECTORV 



HARD DISK 

Direc tori 

HN-CAL 

of: C:\ 

ACD 

89982 

7-2H-98 

8 

17 

UTILITIES 

►DISPLAV 

DIRECTORV 

NCBPF593 

ENR 

CHS 

7-28-98 

10 

HI 


SVS15 

EXT 

8366 

H-C8-98 

2 

52 

DELETE EILES 

AUTOCAL 

CAL 

0B5H6 

7-2H-98 

8 

10 


HN-CAL 

ALC 

837 

5-06-98 

3 

31 


DIPLEXER 

CAL 

119138 

7-27-98 

H 

H8 

COPV FILES 

HN-CAL 

ALL 

90785 

7-2H-98 

8 

15 

TO FLOPPV DISK 

HN-CAL 

BNE 

19H 

6-0H-98 

17 

21 


NF 

CAL 

2H2H50 

7-15-98 

8 

H2 

FORMAT 

DNF 

CAL 

227682 

7-20-98 

13 

55 

HARD DISK 

RCFILH5 

NRM 

3216 

5-08-9B 

0 

H6 


HCFILH5 

NRH 

3216 

5-08-98 

0 

52 

COMMAND LINE 

HI 

NRM 

1616 

7-09-98 

17 

25 


AHP-NOIS 

S2P 

1823 

5-28-98 

17 

0H 


TD 

CAL 

1012H2 

7-23-98 

15 

12 

FLOPPV DISK 

UTIL 

<DIR> 


6-2H-98 

1 

56 

UTILITIES 

TIME 

CAL 

1012H2 

7-25-98 

12 

3H 


ALTSNP 

CAL 

199538 

7-28-98 

7 

01 


IHDl 

CAL 

386 H 

7-15-98 

6 

51 


IHD2 

CAL 

386 H 

7-15-98 

6 

57 


26 

EILE(S) 

13H93H1 

BVTES 



RETURN 


PRESS <!> FOR PREVIOUS PAGE, PAGE 1 OF 1 

PRESS ■;2> FOR NEXT PAGE, PRESS FOR LIAST PAGE 


Figure6-6. MS462XX Typical Hard Disk Directory 
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FEATURES 


Figure 6-7 shows two typical hard disk directories of the MS462XX when an 
external SCSI-2 hard drive is attached to the external SCSI-2 interface. 


HRRD DISK DIRECTGRV 


Directory of! C!\ 


UTIL 

<D1R> 


7-06-98 

10!09 

HN-CRL 

RCD 

89982 

7-29-98 

9:02 

r(CBPF593 

EHR 

2R0 

7-29-98 

9:02 

SYSI5 

E^iT 

B366 

7-29-98 

9:02 

PUTOCRL 

CPL 

805R6 

7-29-98 

9:02 

HN-CRL 

RLC 

837 

7-29-98 

9:03 

DIPLEHER 

CPL 

11913B 

7-29-98 

9:03 

HN-CRL 

RLL 

90785 

7-29-98 

9:03 

HN-CRL 

BHF 

19R 

7-29-98 

9:03 

HF 

CPL 

2R2R50 

7-29-98 

9 : 03 

DNF 

CPL 

227682 

7-29-98 

9 : 0A 

PCFILH5 

NRM 

3216 

7-29-98 

9:0A 

riCFILH5 

NRM 

3216 

7-29-98 

9:09 

HI 

NRM 

1616 

7-29-98 

9:09 

PHP-NOIS 

32P 

1823 

7-29-98 

9:09 

TD 

CPL 

1012R2 

7-29-98 

9:09 

TIME 

CPL 

1012R2 

7-29-98 

9:05 

PLT3NP 

CPL 

199538 

7-29-98 

9:05 

IHDI 

CPL 

3S6H 

7-29-98 

9:05 

IHD2 

CPL 

3B6H 

7-29-98 

9:05 

IPIBN-M 

BPP 

3BR62 

7-29-98 

9: 19 

DSCTBN-M 

BMP 

38A62 

7-29-98 

9: 19 

CCEBN-H 

BMP 

38A62 

7-29-98 

9:19 

PRESS <I> FOF 

PREVIOUS PPGE, 

PPGE 1 

PRESS <2> FOF 

REST PAGE, 

PRESS <3> 

FOR LRST 

PRGE 


HRRD DISK 
UTILITIES 


HRRD DISK DIRECTORY 


DIRECTORY 

HIBN-H 

BMP 

38962 

7-29-98 

9: H 


LIMIBN-M 

BMP 

38962 

7-29-98 

9: H 

DELETE EILES 

LIM2BN-M 

BMP 

38962 

7-29-98 

9: M 


HKRIBN-M 

BMP 

38962 

7-29-98 

9: 15 


HFBN-H 

BPP 

38962 

7-29-98 

9: 15 

COPY FILES 

SFIBN-H 

BPP 

38962 

7-29-98 

9: 15 

TD FLOPPY DISK 

SPIBN-M 

BPP 

38969 

7-29-98 

9: 15 


SP3BN-H 

BPP 

38962 

7-29-98 

9:15 

FORHRT 

SQIBN-M 

BPP 

38962 

7-29-98 

9: 15 

HRRD DISK 

SQ3BN-H 

BPP 

38962 

7-29-98 

9: 15 


TDIBN-H 

BPP 

38962 

7-29-98 

9: 15 

COHHRND LINE 

TYP-DSPB 

BPP 

38962 

7-29-98 

9: 16 


PCS3P0RT 

CPL 

119138 

7-29-98 

9:33 

FLOPPY DISK 

HRRHONIC 

CPL 

292950 

7-29-98 

9:39 

SCORPION 

CPL 

292950 

7-29-98 

9:39 

UTILITIES 

P970921 

RCD 

61990 

7-29-98 

9:38 


P971102 

RCD 

89982 

7-29-98 

9 : 37 


9E 

FILE(3) 

2681799 

BYTES 



RETURN 


PRESS <I> FOR PREi.'IOUS PPGE, PRGE 2 OF 2 

PRESS <2> FOR HEXT PRGE. PRESS <3> FOR LRST PRGE 


HRRD DISK 
UTILITIES 

►DISPLRY 

DIRECTORY 

DELETE FILES 


COPY FILES 
TO FLOPPY DISK 

FORHRT 
HARD DISK 

COMflHND LINE 


FLOPPY DISK 
UTILITIES 


RETURN 


Figure6-7. MS462XX Typical Hard Disk Directory with External SCSI-2 Hard Drive 


The 40 files shown in the hard disk directory use 2.68 MB of memory space, 
which is more than the approximately 2 MB of non-volatile memory supplied. 

The following procedure describes how to use the external SCSI-2 interface 
when attaching a hard drive. The procedure begins by backing up the files in 
the internal non-volatile memory to a floppy disk. The SCSI-2 hard drive is 
then installed and the original files are transferred from the floppy to the 
SCSI-2 hard drive. 

1. Press the front panel keys and menu soft keys as follows: 

Utility/GENERAL DISK UTILITIES/DISPLAY DIRECTORY 
Utility/GENERAL DISK UTILITIES/COMMAND LINE 

2. I nsert a blank formatted H igh Density (1.44 MB) diskette into the 
MS462XX floppy drive. 
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NOTE 

Formatting the hard disk 
will permanently erase 
all previous files. 

3. Use the front panel knob to enter the following command onto the com¬ 
mand line: 

COPY C:*.* A: 

4. When complete, select DONE and the MS462XX will copy the contents of 
the hard drive to the floppy. 

5. Press CIr on the front panel to quit the command line. 

6. Turn the MS462XX OFF using the Power switch on the front panel. 

7. Attach the SCSI-2 hard drive to the external SCSI-2 interface on the 
MS462XX rear panel. 

8. Turn the MS462XX ON using the Power switch on the front panel. 

9. Press the front panel keys and menu soft keys as follows: 

Utility/GENERAL DISK UTILITIES/FORMAT HARD DISK/FORMAT DISK 

Utility/GENERAL DISK UTILITIES/DISPLAY DIRECTORY 

Utility/GENERAL DISK UTILITIES/COMMAND LINE 

10. Enter the following command using the front panel knob onto the com¬ 
mand line: 

COPY A:*.* C: 

11. When complete, select DONE and the MS462XX will copy the contents of 
the floppy to the hard drive. 

12. Press CIr on the front panel to quit the command line. 

13. Press the front panel keys and menu soft keys as follows: 

Utility/GENERAL DISK UTILITIES/DISPLAY DIRECTORY 


This completes the procedure describing the use of the MS462XX external 
SCSI-2 interface. 
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6-7 MARKERS The M S462XX supports the use of up to twelve i ndependent markers. The fol¬ 

low! ng displays demonstrate some of the MS462XX marker capabilities. 

Standard Feature 

Each marker becomes the active marker upon selection. An active marker is 
indicated on the display as a marker number inside a square. MARKER 
MODE = DISCRETE limits the marker locations to only the calibration fre¬ 
quency points. MARKER MODE =CONTI NUOUS allows marker locations 
other than calibration frequency points by performing interpolation between 
two calibration points. 


S31 TRflnSMlSSlOli 
LOG lifiOniTUDE 


TRRNSHISSION/REFLECTION 
►REF=0.000 dB 15.000 dB/DIO 


CH ; - S31 
REFERENCE PLANE 
0.0000 nn 



Single channel display with 
four markers shown on the 
active channel. 


S31 TRANSMISSION TRRNSHISSION/REFLECTION 

LOG NRGNITUDE ►REF=0.000 dB 15.000 dB/DIO 



CH ; - S31 
REFERENCE PLANE 
0.0000 nn 


SELECT 4J?EF 1 


AREF 

1 .875A00000 GHz 

(l-l) 

0.000 dB 
0.000000 MHz 

( 1 - 2 ) 

0.683 dB 
-28.675000 MHz 

(1-3) 

1 .300 dB 
33.825000 MHz 

(1-A) 

92.39A dB 
-118.800000 MHz 


MARKER TO PEAK 


► MORE 


Single channel display with 
four markers shown on the 
active channel using differ¬ 
ences between markers 
mode (AREF MODE). 
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331 TRflhSHISSIOH TRFlISHI 331 OH/REFLECT I ON 


LOG MRGhITUDE ►REF- 6.000 dB 15.903 dB/DIO 



Single channel display 
with four markers shown 
on the active channel us¬ 
ing differences between 
markers mode (AREF 
MODE). Here, the marker 
screen display is ON. 



Dual channel display with 
three markers shown on 
the active channel . The 
marker screen display is 
ON. 
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ALL DISPLAVED 
CHANNELS 

HCTli^E NHRKER 

1 


NHRKER TO PERK 
CH 


: - sii 

.915000000 GHz 

HR.277 2 

3.538 jn 

2 - S12 
,915000000 GHz 
• 51.6H8 dB 

Four channel display with 
one active marker’s value 
Is shown for all four chan¬ 
nels. 

3 - S21 

.915000000 GHz 

H.336 dB 

133.98“ 

R - S22 
.915000000 GHz 

27.027 2 
-13.959 J2 



NHRKER REfiDGOT 
PUNCTIONS 



Four channel display 
where each channel has 
three marker values 
shown. Marker screen 
display Is ON. 
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S12 TRflrjSHlSSlOli 


TRRNSHISSION/REFLECTION 


LOG lifiGNITUDE ►REF= 0.000 dB 15.000 dB/DIU 



SEHRCH 

►GHLUE 

-50.000 dB 

SETUP SERRCH 

UHLUE BT REFERENCE 
-3.830 dB 
SEHRCH LEFT 
I .90631 1 06^ CHz 
SEARCH RIGHT 

SEARCH HRKR GALUES 
CHI ■ 

CH2' -53.830 dB 

CH3i 

CHH 

riHRKER RERDOUT 
FUNCTIONS 


Single channel display 
where the marker search 
mode is used to find the 
-50 dB point. Marker 
screen display is ON. 


S12 TRHHSHISSIOH TRHNSHISSION/REFLECTION 

LOG HHGHITUDE ►REF=0.000 dB 15.000 dB/DIU 



FIL"ER 

PHRHNETERS 


CENTER FRED 

1 .9658H3202 GHz 
RHNDUIDTH 
3.000 dB 
Hfll^IHUtl GHLUE 
71 .79H83 HHz 


LOSS AT REF 
-3.832 dB 

Q 

27.38 

SHAPE FACTOR 
I .87 


►FILTER SETUP 


MARKER RERDOUT 
FUNCTIONS 


Single channel display 
where the marker filter 
parameter mode is used. 
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SI2 TRflhSHISSIOH TRFiriSHISSIOVREFLECTIOl 


LOG MRGhITUDE ►REF- 6.002 dB 15.000 dB/DH^ 



Single channel display 
with 12 markers viewed. 
Marker screen display Is 
ON. 
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6-8 LIMIT LINES 

Standard Feature 


The MS462XX supports up to ten segmented limit lines. The following display 
shows a filter measurement using seven segmented limit lines. 


S32 TRANSMISSION 


TRANSMISSION/REFLECTION 


TEST LIMITS 


LOG MAGNITUDE ►REF=0.000 dB 15.000 dB/DID 



LIMIT TESTING ON 


►BEEP ON OFF 

FAILURE 

LIMIT TEST TTL 
CONDITION: 

TTL LOH/TTL HIGH 

TEST RESULT: 

CHANNELl PASS 
CHANNELS PASS 
CHANNELS PASS 
CHANNELS PASS 


RETURN 


Figure6-17. Sei/en Segmented Limit Lines Example Display 


The following limit line requirements are prepared for the segmented limit 
line definitions. 


Segment 

Start Position 

Start Position 

Stop Position 

Stop Position 

Horizontal (MHz) 

Vertical (dB) 

Horizontal (MHz) 

Vertical (dB) 

1 

1750 

-85 

1850 

-75 

2 

1850 

-75 

1890 

-75 

3 

1890 

-75 

1910 

-55 

4 

1910 

-55 

1920 

0 

5 

1920 

0 

2000 

0 

6 

2000 

0 

2030 

-45 

7 

2030 

-45 

2080 

-80 
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FEATURES 


NOTE 

The front panel knob 
also allows selection of 
horizontal and vertical 
values. 


NOTE 

The START POSITION 
values of this new seg¬ 
ment defauit to the 
STOP POSITION val¬ 
ues of the previous seg¬ 
ment. 


1. Press the front panel keys and menu soft keys as follows: 

Display/LIMITS 
CLEAR ALL SEGMENTS 
DISPLAY LIMITS = ON 
UPPER LIMIT = ON 

EDIT SEGMENTS/EDIT UPPER LIMITS 
SEGMENT 1= ON 

START POSITION: HORIZONTAL = 1750 MHz 
START POSITION: VERTICAL = -85 dB 
STOP POSITION: HORIZONTAL = 1850 MHz 
STOP POSITION: VERTICAL = -75 dB 
ATTACH NEXT 
SEGMENT 2 = ON 

STOP POSITION: HORIZONTAL = 1890 MHz 
STOP POSITION: VERTICAL = -55 dB 
ATTACH NEXT 
SEGMENT 3 = ON 

STOP POSITION: HORIZONTAL =1910 MHz 
STOP POSITION: VERTICAL = -55 dB 
ATTACH NEXT 
SEGMENT 4 = ON 

STOP POSITION: HORIZONTAL = 1920 MHz 
STOP POSITION: VERTICAL = 0 dB 
ATTACH NEXT 
SEGMENT 5 = ON 

STOP POSITION: HORIZONTAL = 2000 MHz 
STOP POSITION: VERTICAL = 0 dB 
ATTACH NEXT 
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SEGMENT 6 = ON 

STOP POSITION: HORIZONTAL = 2030 MHz 
STOP POSITION: VERTICAL = -45 dB 
ATTACH NEXT 
SEGMENT 7 = ON 

STOP POSITION: HORIZONTAL = 2080 MHz 

STOP POSITION: VERTICAL = -80 dB 

RETURN 

RETURN 

TEST LIMITS 

LIMIT TESTING = ON 

This completes the procedure for using segmented limit lines on the 
MS462XX. 


NOTE 

I n a similar way, segmented limit lines are available in 
power sweep setups. 


6-21 


MS462XXMG 






ALTERNATE SWEEP 


FEATURES 


6-9 ALTERNATE 

SWEEP 

Standard Feature 


The MS462XX provides the capability to decouple channels 1 and 2 from 
channels 3 and 4.1 n this way, channels 1 and 2 can have different system set¬ 
tings and calibrations than channels 3 and 4. 

The fol low! ng display shows the alternate sweep feature appi ied to the mea¬ 
surement of a bandpass filter. 


S21 TRANS 
t S.000 dB 


LOG MAG. 


T/R 

15.000 dB/DIU 


S31 TRANS 
^ 0.000 dB 


LOG MAG. T/R 

15.000 dB/DIU 




S21 TRANS LOG MAG. T/R S31 TRANS LGG MAG. T/R 

► 0.000 dB 20.000 dB/DIU ►O.OOO dB 20.000 dB/DIO 




Figure6-18. Alternate Sweep Example Display 

Although not clear in the above display, the bottom two channels (the alter¬ 
nate sweep) are shown in a different color than the primary sweep (the top 
two channels). The default color for data traces while using the alternate 
sweep is yellow, whereas, the default color for data traces while using the pri¬ 
mary sweep is red. 

Note that the frequency range for the top two channels (channels 1 and 2) is 
1750 to 2080 MHz while the frequency range for the bottom two channels 
(channels 3 and 4) is 1000 to 3000 MHz. The following display illustrates this 
difference with an overlay display. 
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CH£i S31 TRflNS T/R CHH: S31 TRflNS 
LOG MfiGNITUDE LOG HRGNITUDE 
► REF= 0.000 dB ►REF= 0.000 dB 
15.000 dB/DIV £0.000 dB/DIV 



CH £ - S31 
REFERENCE PLANE 
0.0000 mm 

►NflRRER 1 AREF 
1.960000000 GHz 


NARRER READOUT 
FUNCTIONS 

NARRER TO PEAK 

A(l-Z) 

96.AH000 MHz 
9G.507 dB 


MORE 


Figure6-19. AlternateSweqa Overlay Example Display 

I n this display, the same bandpass filter response is shown, but the responses 
are shown on two difference frequency ranges (see the frequency range por¬ 
tion of display). When using alternate sweep, the system allows separate set¬ 
tings from the primary sweep. These different settings include Calibration, 
Frequency, I .F. Bandwidth, Data Points, Source Power, Markers, Limits, and 
Averagi ng. 

1. Press the AppI front panel key and select the menu soft keys as follows: 

CHANGE APPLICATION SETUP 
MEASUREMENT TYPE 
TRANSMISSION AND REFLECTION 

2. Perform a three-port calibration (Section 3-6) between 1750 and 2080 
MHz: 

Freq/START= 1750 MHz 
Freq/STOP = 2080 MHz 
Config/DATA POINTS = 401 MAX PTS 
Power/SOURCE 1 SETUP/SOURCE 1 POWER = +7 dB 
Avg/SELECT I.F. BANDWIDTH/I.F. BW = 1 kHz 
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3. Select an alternate sweep channel before calibration: 

Ch 3 (or Ch 4) 

4. Initiate the alternate sweep: 

Sweep/ALTERNATE SWEEP = ON 

5. Perform a second three-port calibration between 1000 and 3000 MHz: 

Freq/START= 1000 MHz 
Freq/STOP = 3000 MHz 
Config/DATA POINTS = 101 MAX PTS 
Power/SOURCE 1 SETUP/SOURCE 1 POWER = +7 dB 
Avg/SELECT I.F. BANDWIDTH/I.F. BW = 100 Hz 

6. Configure the display according to the previous display. 

The primary sweep is active for system setting changes when Ch 1 or Ch 2 is 
selected. 

The alternate sweep is active for system setting changes when Ch 3 or Ch 4 is 
selected. 

Another interesting feature involves switching between the primary and al¬ 
ternate sweep. 

1. Select: 

Ch 1 (or Ch 2) 

2. Press the Sweep front panel key and select the menu soft keys as follows: 

ALTERNATE SWEEP = OFF 

Notethat the four-channel display reverts to the primary sweep system set¬ 
tings. The following procedure allows a four channel display of the alternate 
sweep. 

1. Select: 

Ch 3 (or Ch 4) 

2. Press the Sweep front panel key and select the menu soft keys as follows: 

ALTERNATE SWEEP = ON 
ALTERNATE SWEEP = OFF 

Notethat the four channel display reverts tothe alternate sweep system set¬ 
tings. This is a convenient technique for switching the four channel display 
between the primary and alternate sweep system settings. 
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6-10 MARKER SWEEP 

Standard Feature 


The following displays show before and after results of a marker sweep using 
the MS462XX. Figure 6-20 shows a full sweep, while Figure 6-21 shows a 
marker sweep. 


S32 TRANSMISSION TRANSMISSION/REFLECTION 

LOG MAGNITUDE ►REF=0.000 dB 15.000 dB/DIO 



FREOUENCV 
MARKER - SWEEP 

►START SWEEP 
MARKER ( ) 

1 .750000000 GHz 
STOP SWEEP 
MARKER ( ) 

2.080000000 GHz 

RESTORE 
POLL SWEEP 


USE KEVPAD 
TO SELECT 
MARKER (1-12) 


RETURN 


Figure6-20. Results of a Full Sweep Example Display 


S32 TRANSMISSION 
LOG MAGNITUDE 


TRANSMISSION/REFLECTION 
►REF=0.000 dB 1.000 dB/DIO 


FREOUENCV 
MARKER - SWEEP 

START SWEEP 
MARKER ( 1) 

1 .92H900000 GHz 
►STOP SWEEP 
MARKER ( 2) 

1 .995025000 GHz 

RESTORE 
POLL SWEEP 


USE KEVPAD 
TO SELECT 
MARKER (1-12) 


RETURN 


1 92H.900 000 MHz 


1 995.025 000 MHz 



Figure6-21. Results of a Marker Sweep Example Display 
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The following procedure documents the steps for performing a marker sweep. 


NOTE 

To restore the original 
full sweep, select 
Freq/MARKER 
SETUP/RESTORE 
FULL SWEEP. 


1. Specify marker 1 location: 

Marker/MARKER SETUP/MARKER 1 = 1.9249 MHz 

2. Specify marker 2 location: 

Marker/MARKER SETUP/MARKER 2 = 1.9950 MHz 
Freq/MARKER SWEEP 

3. Specify Start marker number: 

START SWEEP MARKER = 1 

4. Specify Stop marker number: 

STOP SWEEP MARKER = 2 
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6-11 OTHER FEATURES 

This section contains information on other features available in the 

MS462XX. 

Chop Sweep 

To access the Chop Sweep feature, select the foil owing front panel key and 
menu soft keys: 

Sweep/MORE/MEASUREMENT ENHANCEMENT 

CHOP MODE TYPE = ALL S-PARAMETERS (or PER PORT) 

CHOP SWEEP = ON (or OFF) 

When CHOP MODE TYPE = ALL S-PARAMETERS is selected and CHOP 
SWEEP = ON, all S parameters are obtained in a single sweep. For a two-port 
instrument, all four S-parameters are measured in a single sweep; for a 
three-port instrument, all nine S-parameters are measured in a single sweep. 
The sweep ti me dispiayed is the approx! mate sweep ti me of a si ngle sweep. 

1 f CHOP MODE TYPE = PER PORT is selected and CHOP SWEEP = ON, each 
S-parameter associated with a port is obtained in a single sweep until all 
ports have been swept. For example, Sll, S21, S31 are measured in a single 
sweep at port 1, then S12, S22 and S23 at Port 2 would require another 
sweep, and finally S13, S23, and S33 at Port 3 would require a third sweep. 
The sweep time value per port is the value times three for three-port, or 
times two for two-port (nine for three-port, four for two-port). 

With CHOP SWEEP = OFF, the maximum number of sweeps would be re¬ 
quired to obtain all S-parameters; one sweep per S-parameter. Time for com¬ 
pletion would be sweep time times the number of S parameters. 

E ntry State 

To access the Entry State feature, select the following front panel key and 
menu soft keys: 

Appl/CHANGE APPLICATION SETUP/ENTRY STATE 

The Entry State feature specifies system settings when switching to the next 
application. Before changing applications, specify whether to use the Current 
or Previous system settings. For Entry State set to Current, the MS462XX 
configures the next application with the same existing system settings (i.e., 
display mode, graph type(s), frequency, etc). 1 n contrast, with Entry State set 
to Previous the MS462XX configures the next application with the previous 
system settings. 

The following examples illustrate the use of Entry State. Consider a require¬ 
ment to perform an S-parameter measurement and a Noise Figure 
measurement. 

ENTRY STATE = CURRENT 

The MS462XX is first configured for S-parameter measurements. The 
MS462XX is next configured for Noise Figure by setting the Entry State to 
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Current and selecting the Noise Figure application. For the Entry State of 
Current, the MS462XX uses the current system settings for the Noise Figure 
application. 

ENTRY STATE = PREVIOUS 

The MS462XX is first configured for S-parameter measurements. The 
MS462XX is next configured for Noise Figure measurements by setting the 
Entry State to Previous and selecting the Noise Figure application. For the 
Entry State of Previous, the MS462XX uses the system settings from the pre¬ 
vious NoiseFigureapplication entry. 

Frequency Blanking Frequency Blanking is typically used in secure environments to prevent fre¬ 
quency information from being displayed on the analyzer. When frequency 
blanking is activated, all frequency information is displayed as xxx.xxxx. Fig¬ 
ure 6-22 shows a typical display with frequency blanking activated. 


S21 TRRHSI1ISSI0H TRflRSM I S31 OR/REFLECTION 

LOG MFGHITUDE ►REF=0.000 dB 10.000 dB/DIW 



OH 1 - S21 
REFERENCE PLANE 
0 .0000 mm 


1 MHz 

-8.727 dB 


MHz 

-70.^63 dB 


3: OFF 




OFF 


MARKER TO PEAK 


► MORE 


Figure6-22. Filter Measurement with Frequency Blanking Activated 


NOTE 

Once activated, blanking 
can only be disabled by 
either resetting the in¬ 
strument, or via GPIB 
command. 


To activate frequency blanking, select the following front panel key and menu 
softkey: 

Config/BLANK FREQUENCY INFO 

Toturn off frequency blanking via the front panel, select the following front 
panel key and menu softkey: 

Default/CONTINUE 

Toturn off frequency blanking using GPIB, issuetheGPI B command: FON. 
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SnP Format SnP-type data can be retrieved from the MS462XX. The data is in the format 

Data Outputs of magnitude and angle and can be viewed on any computer supporting text 
files. Before retrieving the data, all necessary Transmission and Reflection 
calibrations should be performed (see Chapter 3 for information on calibra¬ 
tions). To set uptheMS462XX to obtain the SnP files: 

1. Select the front panel AppI key and the following soft keys: 

CHANGE APPLICATION SETUP 
MEASUREMENT TYPE 
TRANSMISSION AND REFLECTION 

2. Press the front panel Hard Copy key and the following soft keys: 

OUTPUT DEVICE/ DISK FILE 
RETURN 
OUTPUT SETUP 
DESTINATION = FLOPPY DISK 

FORMAT = SnP OPTIONS (choose between S1P, S2P, S3P, and S4P) 
RETURN 

3. I nsert a disk intothe MS462XX floppy disk drive and press the front 
panel PRINT key. 

4. Enter a file name. 

This completes the SnP data acquisition. 
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Chapter 7 
Software Support 


7-1 INTRODUCTION 


" 7 - 2 . SCORPION 

NAVIGATOR® 

Freeware 


Scorpion Navigator 
System Requirements 


This chapter contains information pertaining to drivers and other software 
used to support the appi ications on the M S462XX. 


Scorpion Navigator (Anritsu part number: 2300-353) is a Windows-based 
GPIB (IEEE 488.2) controlled software program that contains easy to use 
modules for single connection setups, calibrations, measurements, and data 
capture. These building blocks provide a suite of unique, innovative and prac¬ 
tical measurements for characterizing amplifiers and other active devices in 
both R&D and manufacturing using a Scorpion Vector Network Measurement 
System. 



F i gu r e 7-1. S cor pi on N a vi gator I nta'f ace 

Scorpion Navigator required the following equipment: 

□ Pentium 11 PC 200 MHz or greater 

□ National InstrumentsGPIB Controller 

□ Wi ndows Operati ng System 
(Windows 2000 or Windows XP preferred) 

□ Scorpion BMS 1.16 or higher 
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Scorpion Navigator I n R&D applications, Scorpion Navigator employs a standard user interface 
Description that provides easy-to-use navigation of Scorpion's powerful capabilities to 
measure S-parameters, Noise Figure, Harmonics, Single-Tone Compression 
and Two-Tone I ntermodulation Distortion. 

I n manufacturing applications, the ActiveX® modules provide easy 
plug-n-play compatibility with most automation environments: HP Vee®, Vi¬ 
sual Basic®, Microsoft Excel®A/BA', VBScript",] avaScript", Visual C-H-®, Na¬ 
tional Instrument's LabView®, LabWindows®andTestStand". In other words, 
these measurement ActiveX modules are instrument drivers that can 
seamlessly integrate into essentially any software development environment. 

Scorpion Navigator was originally developed for the Power Amplifier Test 
System. Although many of the available measurements are important for am¬ 
plifier testing. They also apply to a number of new measurement challenges 
for RF component designers and manufacturers. 


The following table overviews the features, advantages, and benefits of using 
Scorpion Navigator: 


Features 

Advantages 

Benefits 

Standard ActiveX modules 
orchestrate common Scor¬ 
pion measurements 

Very little coding is required 
for basic measurements, in¬ 
cluding pass/fail testing 

Increase productivity 

Access the source code via 
a unique ActiveX auto-code 
generation feature 

Easier to customize existing 
measurement capabilities 
when source code is pro¬ 
vided 

Possibility to automate cus¬ 
tom requirements in about a 
week 

Extensive single and 
two-tone testing for amplifier 
requirements 

Comprehensive, accurate 
and fast test for next gener¬ 
ation requirements 

Improve time-to-market and 
time-to-volume 

Windows graphical user in¬ 
terface (GUI) 

Sophisticated displays and 
concise menus provide 
easy-to-use testing interface 

Perform advanced mea¬ 
surements without long 
learning curves 
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The following table summarizes the various measurement capabilities avail¬ 
able in Scorpion Navigator: 


Measurements 

Variations Supported 

Notes 

S-Parameter 

2-Port S-Parameters 

K-factor 


Swept Power IMD 
(2-Tones) 

Pout (or Gain), IMS, IMS, IM7, 

Drain Current, and Power Added 
Efficiency 

Pout (or Gain), IMS, IMS, IM7, 

Drain Current, and Power Added 
Efficiency 

Pout (or Gain), IMS, IMS, IM7, 

Drain Current, and Power Added 
Efficiency 

Single Frequency 

Versus Pin or Pout 

Three Overlayed Frequencies 
Versus Pin or Pout 

Specify Start and Stop Fre¬ 
quencies or Start and Stop Off¬ 
sets 

Swept Power 
(l-Tone) 

Pout versus Pin 

Gain versus Pin 

Gain versus Pout 

AM/PM 

Pout (or Gain) versus Multiple 
Frequencies 

Single Frequency 

Single Frequency 

Single Frequency 

Single Frequency 

Up to 101 Frequencies 

IMD, CW 

Pout, IMS, IMS, IM7 and IM9 

Swept Frequency Products, Input 
or output referred 

Swept Third Order Intercepts, In¬ 
put or output referred 


Harmonics, CW 

CW versus 2"",S^",4'^S‘^6'^ 

7th_ gth^ gth 

Single Frequency 

Noise Figure 

Noise Figure versus Frequency 

Swept Frequency 

Hot S22 

Hot S22 and Hot K-factor 

Reference New Application 

Note (11410-00295) 

ACPR 

CW for CDMA, W-CDMA 

Swept Power 

Reference ACPR Application 
Note (11410-00264) 


The Scorpion Navigator currently supports two-port AutoCal modules for 
auto-calibrations in addition to standard manual calibration kits (including 
user-defined). A future release of Scorpion Navigator will include support for 
the new four-port AutoCal modules. 
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7"3 AUTOCAL TWO-PORT The following prcxedure characterizes the two-port AutoCal module using the 

CHARACTERIZATION MS462XX. 



Figure 7-2. Two-Port AutoCal System Setup 


1. Perform a two-port OSLT calibration (Section 3-3) in the desired fre¬ 
quency range with the maximum data points and a 0 dBm source power. 

2. Press the front panel keys and menu soft keys as follows: 

Utility/AUTOCAL CHARACTERIZATION/SELECT BOX TYPE: 2 PORT 

3. As required, change the characterization setup (Steps 4 through 5). 

4. Connect the AutoCal module and specify the Port Configuration: 

SELECT PORTS: (L=1 ,R=2 or R=1 ,L=2 where L is for Left and R is for 
Right on the AutoCal Module) 

5. Specify the Averaging values: 

AVERAGING 
REFLECTION = 4 
LOAD = 4 
THRU = 4 
RETURN 

6. Start the AutoCal characterization: 

CONTINUE 
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AUTOCAL TWO-PORT CHARACTERIZATION 


1. Following the CONTINUE selection, the MS462XX proceeds to character¬ 
ize the AutoCal Module using the previously performed OSLT calibration. 
This characterization process can be time-consuming, depending upon the 
averaging selections. 

8. Save the characterized AutoCal data for later retrieval: 

Save/Recall/SAVE/AUTOCAL CHARACTERIZATION ON HARD 
DISK/CREATE NEW FILE 

9. Specify a name using the front panel knob, and select DONE. 

This completes the procedure for characterizing the AutoCal module using 
theMS462XX. 
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7-4 AUTOCAL 

FOUR-PORT 

CHARACTERIZATION 


The following procedure characterizes the four-port AutoCal module using 
theMS462XX. 



Figure 7-3. Four-Port AutoCal System Setup 


1. Perform a four-port OSLT calibration (Section 3-8) in the desired fre¬ 
quency range with the maximum data points and a 0 dBm source power. 

2. Press the front panel keys and menu soft keys as follows: 

Utility/AUTOCAL CHARACTERIZATION/SELECT BOX TYPE: 4 PORT 

3. Connect the AutoCal module as follows: 

Port 1 to AutoCal X 
Port 2 to AutoCal A 
Port 3 to AutoCal B 
Port 4 to AutoCal C 

4. Specify the Averaging values: 

AVERAGING 
REFLECTION = 4 
LOAD = 4 
THRU = 4 
RETURN 

5. Start the AutoCal characterization: 

CONTINUE 
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AUTOCAL FOUR-PORT CHAFIACTERIZATION 


6. Following the CONTINUE selection, the MS462XX proceeds to character¬ 
ize the AutoCal Module using the previously performed OSLT calibration. 
This characterization process can be time-consuming, depending upon the 
averaging selections. 

7. Save the characterized AutoCal data for later retrieval: 

Save/Recall/SAVE/AUTOCAL CHARACTERIZATION ON HARD 
DISK/CREATE NEW FILE 

8. Specify a name using the front panel knob, and select DONE. 

This completes the procedure for characterizing the AutoCal module using 
theMS462XX 
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7-5 SCORPION 

COMMAND 

ENCYCLOPEDIA 


The Scorpion Command Encyclopedia (SCE) is a fully integrated ATE pro¬ 
gramming environment. It has been designed as a rapid development tool to 
simplify the creation of MS462XX remote control applications. SCE provides 
everything necessary to create GPI B or Ethernet ATE programs. 



Figure7-4. Scorpion Command Encyclopedia Main Screen 


SCE Features 


□ A searchable command database can be accessed through the user-friendly 
computer interface. The database provides command mnemonic names, de¬ 
scriptions and usage information, and is searchable by mnemonic, descrip¬ 
tion, query command, application and user comment. 

□ A programming manual link allows access to the Scorpion Programming 
Manual in Adobe Acrobat reader format. 

□ The programming interface allows selection of GPIB or Ethernet inter¬ 
faces. 

□ The programming interface generates the code required to duplicate the 
command sequences exercised through the SCE interface. This feature 
currently supports the Visual Basic programming language. 
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SCORPION COMMAND ENCYCLOPEDIA 


Operation 


Scorpion Inter¬ 
face Screen 


The MS462XX command database can be accessed through theSCE graphi¬ 
cal user interface (GUI). The command database is fully searchable and fully 
integrated intothe SCE. For example, clicking on a command listed in the 
command list window will automatically open the Scorpion I nterface screen 
and pi ace the selected command in the execution box ready for execution over 
the selected remote I nterface. 

For moredetailed information on a particular command, go to the FI elp menu 
and select Spawn Manual. This will open the MS462XX Programming Manual 
in the provided Adobe Acrobat Reader. 

The Scorpion I nterface screen allows the use of any command mnemonic over 
either theGPIB or the Ethernet remote control interface. 



Figure 7-5. Scorpion I nterface Screen 
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Scorpion I nterface screen features include: 

□ Switch between interface types (GPIB or Ethernet). 

□ The "Auto Command Spell Check" option (located in the Options menu 
screen) verifies that a command is valid. It also verifies that the command 
Read or Write execution method is correctly selected. This option is 
selectable allowing advanced users the flexibility of turning this option off 
and executing commands freely over the GPI B/ Ethernet I nterface. 

□ Automatic Code Generation can execute commands over the selected inter¬ 
face. The automatically generated code can then be copied IntotheATE 
program to help speed up development. 

□ The Feature button allows selection of available features. Currently avail¬ 
able features are: 

The Get Trace feature performs a screen capture (supported in both 
GPI B and Ethernet interfaces). When a screen capture is executed the 
code required to duplicate it is generated automatically in the Code 
Generation window, to easily reproduce the result in another program. 

The Get Sequence feature provides the ability to manipulate se¬ 
quences remotely. As with the Get Trace feature, this feature also cre¬ 
ates the code i n the code wi ndow for use i n other programs. 

An important feature of the SCE Scorpion I nterface is the ability to automati¬ 
cally generate the code required to duplicate the mnemonic commands sent. 
The SCE can send command mnemonics out over the GPI B or the Ethernet 
and then automatically generates the Visual Basic code required to duplicate 
the command sequence in the Visual Basic programming language. 

The SCE Scorpion I nterface also provides the ability to record and play back 
a sequence of commands. With scripting turned ON, all commands are re¬ 
corded. The script can be run from the SCE environment and then cut and 
pasted into an ATE program. This provides the means to rapidly develop ATE 
applications by making it easy to experiment and learn programming re¬ 
quirements for each command. 
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DRIVERS AND POWER TOOTS 


7-6 DRIVERS AND 

POWER TOOLS 

Freeware 


Power Tools (Anritsu part number: 2300-218) is an instrument driver that re¬ 
places GPIB command mnemonics with meaningful function names. Since 
Power Tools is packaged as Dynamic Link Libraries (DLLs), it supports most 
Windows-based software development tools. I n this way, Power Tools provides 
an intuitive and straightforward approach to controlling the MS462XX from 
AutomaticTest Equipment (ATE) Application Programs. 


The following block diagrams show the relationship between the MS462XX 
and the ATE Application Program. 




ATE Application Program 




Other 

Instrumen 

VNA Power 

Tools 

SS Power 

Tools 

Drivers 






GPIB 

, 

1 


I GPIB I 

^,KiA A__ Oth0r 


Anritsu VNA 


Anritsu Source 


Other 

Instruments 


Figure7-6. MS462XX and ATE Application Program Block Diagrams 

The block diagram on the left shows a typical ATE System. I n this case, the 
I nstrument Driver Software is an integral part of the ATE Application 
Program. 

The block diagram on the right shows a Power Tools Enabled ATE System. I n 
this case, the I nstrument Driver Software (or VNA Power Tools) is not an in¬ 
tegral part of the ATE Application Program. This system configuration af¬ 
fords many advantages over the typical ATE System. Three of these 
advantages with explanations are shown in the following table. 
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Advantage 

Explanation 

Forward and Backward Compatibility 

Anritsu provides updated instrument drivers guar¬ 
anteed to be backward compatible while also pro¬ 
viding forward compatible support for new instru¬ 
ment options and features. 

Modular Software Design 

Power Tools is separately compiled outside the Ap¬ 
plication Program. Update the instrument driver in¬ 
dependently from the ATE Application Program. 

Easier To Use 

GPIB command mnemonics are replaced with 
meaningful function names. 


This completes the discussion on Instrument Drivers and Power Tools. 
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7-7 VNA DISPLAY 

CAPTURE 

Freeware 


The VNA Display Capture program (Anritsu part number 2300-218) is a Win¬ 
dows-based program used to capture, display, save, and print display data 
from an Anritsu VNA. The available output formats include bitmaps (*.BM P), 
plotter graphics (*.HGL), printer graphics (*.PGR), and metafiles (*.WMF). I n 
addition, the VNA Display Capture allows both color or black and white 
captures. 

The following display shows a typical capture in a Windows environment. 


I Si VNA Display Capture 2.36 


RIe Setup Capture Help 

GROUP 1 T/R 


CHI: S21 

TRPNS 

LOG 

MAG 

►REF« o.eeo 

dB 

15.000 

dB/DIU 

CH2: S33 

REFL 

LOG 

HAG 

►REF= 0.000 

dB 

5.000 

dB/DIU 

CH3: S31 

TRFNS 

LOG 

HAG 

►REF= 0.000 

dB 

15.000 

dB/DIU 

CH4: $22 

REFL 

LOG 

HAG 

►REF= 0.000 

dB 

5.000 

dB/DIU 


ALL DISPLflVED 
CHANNELS 



►ACTIVE NARKER 
1 


NARHER TO PEAK 


CH 1 - S21 

1 .880350000 GHz 
-72.585 dB 


CH 2 - S33 

1.880350000 GHz 
-3H.820 dB 


CH 3 - S31 

1.880350000 GHz 
-0.958 dB 


CH ^ - S22 

1 .880350000 GHz 
-0.209 dB 


NARHER READOUT 
EUNCTIONS 


Figure 7-7. Typical Capture Display 


The following procedure captures and stores an MS462XX display in a 
bitmap format using the VNA Display Capture software program. 

1. EnsureaGPIB connection between the computer and the MS462XX. 

2. Execute VNA DISPLAY CAPTURE. 

3. Select Setup from the tool bar. The following menu is displayed when 
Setup is selected. 
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SOFTWARE SUPPORT 


VNA DISPLAY CAPTURE 


Setup Capture Parameters 


Capture Type 

r Bit Map C S2PData 

Plotter Graphics Service Log 
C Printer Graphics 
f* Tabular Data 
Logo 

r~ User Bitmap File | 

Color Scheme 
C Black on White 
(• Color on White 
C" T rue Color 

VNA Address [address OG _£] 
Miscellaneous 

l~ Compress Bitmaps when Saving 
w Stretch/Sbrink Graphics to fit Window 
n Apply Ref Plane Extension to S2P Data 
l~ Permit Multiple HPGL Data Traces 


Figure 7-8. Sdup Capture Paramdiers 

4. Specify CaptureType =Bit Map 

5. Specify Color Scheme = Black on White 

6. Specify VNA Address =06 (default GPIB address of MS462XX) 

7. Select OK 

8. Select Capture from the tool bar. 

Following the Capture selection, the VNA Display Capture program will cap¬ 
ture the front panel display from the MS462XX. 

9. Select File from the tool bar. 

10. Select Save from pull-down menu. 

11. Specify a file name =diplexer.bmp 

This completes the procedurefor capturing and storing an MS462XX display 
in a bitmap format using the VNA Display Capture software program. 


NOTE 

The file name must in¬ 
clude the .BMP or the 
•WMF extension. 


xj 
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NOISE FIGURE VENDOR ENR TABLE 


7-8 NOISE FIGURE 
VENDOR ENR 
TABLE 

Option 4 


The noise figure measurement application requires the vendor ENR values 
for the noise source. These values are configured in a tab delimited ASCI I file 
and stored on the hard disk of the MS462XX. The filename must be of the 
form *.enr and it is generally useful for the name to contai n the noise source 
serial number. Once loaded on the hard drive, these values are loaded into 
memory for the noise figure measurement. 


The ASCI I file is generated using any text editor or word processor. No head¬ 
ers are necessary, begin immediately with the first frequency and ENR value 
on the first line separated by a tab. This file should not contain more than 
101 points. The following example illustrates the contents of the vendor ENR 
table. 


0.01 

15.53 

0.10 

15.39 

1.0 

15.21 

2.0 

15.00 

3.0 

15.04 

4.0 

14.85 

5.0 

14.68 

6.0 

14.83 


The fol I owi ng figure i 11 ustrates the contents of the vendor ENR table. 



Figure7-9. Example Vendor ENR Table 


7-15 


MS462XXMG 









































































SOFTWARE SUPPORT 


NOISE FIGURE VENDOR ENR TABLE 


NOTE 

Do not press return after 
the last pair. 


When completed, save the file as text. Since most programs automatically ap¬ 
pend extensions to the filename, be sure to change the extension to*.enr. 
Copy this file to a high density (1.44 MB) floppy for transfer to the hard disk 
oftheMS462XX. 

The following procedure loads this file onto the hard disk of the MS462XX. 

1. I nsert the floppy into the MS462XX floppy disk drive. 

2. Press the front panel keys and menu soft keys as follows: 

Utility/GENERAL DISK UTILITIES/FLOPPY DISK UTILITIES 
COPY FILES TO HARD DISK/ALL TYPES (*.*) 

3. Specify the fileto copy using the SELECT FI LE TO COPY menu. 


4. Following the SELECT FILE TO COPY file selection, the MS462XX will 
copy the specified file to the MS462XX hard disk. 

This completes the description and the procedure for loading the Vendor ENR 
Table to the hard disk of the MS462XX. 
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7-9 NFENR 

EXTENSION 

TABLE 

Option 4 


The noise figure measurement application requires the S-parameters of the 
path between the rear panel noise source connector and the Port 1 connector. 
These S-parameters are configured in a file and stored on the MS462XX hard 
disk. The filename must be of the form *.ext and it is generally useful for the 
name to contain the instrument serial number. Once loaded on the hard 
drive, these values are loaded into memory for the noise figure measurement. 

This ASCI I file is generated at the factory and stored on the hard disk. No 
headers are necessary, begin immediately with the first line containing the 
following data separated by tabs. This file should not contain more than 101 
poi nts. 

NS refers to the match of the noise source alone. The following example illus¬ 
trates the contents of a vendor ENR table: 


freq Re{S11) lm(S11) Re(S21) lm(S21) Re(S12) lm(S12) Re(S22) lm(S22) Re(NS) Im(NS) 


Figure7-10. S-Parameters ASCI I ENR FileFormat 



Figure7-11 Example I nta^nal Extension File 
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NF ENR EXTENSION TABLE 


SOFTWARE SUPPORT 


NOTE 

Scientific notation is not 
supported, but any num¬ 
ber of significant digits 
can be used up to the 
line length limit. Also, do 
not press return after the 
last line entry. 


When completed, make sure to save the file as text. Since most programs au¬ 
tomatically append extensions to the filename, make sure to change the ex¬ 
tension to *.ext. Copy this file to a high density (1.44 MB) floppy for transfer 
to the MS462XX hard disk. 

This file is generated at the factory hy performing a measurement of the 
through path between the back panel and the Port 1 connector. The proce¬ 
dure involves a 101 point calibration between 50 MHz and 3 GHz. The four 
channel display is configured for real and imaginary output for S 21 , S 12 , 
and S 22 . This data is output to disk using TEXT format. 

Using this same technique, the noise source (no bias applied) measurement is 
also performed to obtain the real and imaginary performance between 50 
MHz and 3 GHz. These two files are combined (typically using Excel) for the 
final file. 

The following procedure loads this file onto the hard disk of the MS462XX. 

1. Insert the floppy into the floppy drive of the MS462XX. 

2. Press the front panel keys and menu soft keys as follows- 

Utility/GENERAL DISK UTILITIES/FLOPPY DISK UTILITIES 
COPY FILES TO HARD DISK/ALL TYPES (*.*) 

3. Specify the file to copy using the SELECT FILE TO COPY menu. 

Following the SELECT FILE TO COPY file selection, the MS462XX proceeds 
to copy the specified file to the MS462XX hard disk. 

To move the internal ENR extension table into memory: 

4. Press the front panel keys and menu soft keys as follows: 

Appl/NOISE FIGURE SETUP 
NOISE SOURCE = INTERNAL 

ENR TABLE OPERATION/LOAD ENR TABLE FROM HARD DISK/IN¬ 
TERNAL ENR EXTENSION TABLE 

INTERNAL ENR EXTENSION TABLE 

5. Select the internal .EXE file (usually contains the instrument serial num¬ 
ber) and press: 

RETURN 

RETURN 

This completes the description and the procedure for loading the ENR Exten¬ 
sion Table to the hard disk of the MS462XX. 
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